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I. ABSTRACT

Two offshore sites for a proposed Superport, off southeastern
Louisiana, are evaluated for potential environmental impact on the
coastal region. The most vulnerable areas along the coast are the
estuaries. 0il drift projections indicate that the site more distant
from shore would have less effect because a potential spill there
would probably not reach the estuarine areas.

Louislana's estuaries are flanked by levees and, on the Gulf
side, usually by barrier islands. This configuration, coupled with a
gentle slope, has produced a nutrient-rich environment that now
supports over 4 million acres of estuarime marshlands--one of the
world's most extensive coastal wetland areas. The climatic regime
provides high solar insolation, abundant rainfall, and a wind system
all of which interact with the physical setting in such a way that
primary production supports the largest fishery in the United States.
The principal fishery species are menhaden and Shrimp, and they depend
on the estuaries for a habitat and/or nursery area and for-detrital
food—--the product of marsh grass disintegratiom.

0il drift projections of hypothetical oil spills are based on a
hydrodynamical numerical model using wind conditions, local tides, and
bathymetry. At the closest site oil spills moved either northwest
toward Timbalier Bay or northeast toward Barataria Bay. 0il spills at
the farther site did not impinge on the shorelines nor into the
estuaries. 0il spills at both sites usually assumed an east-west

orientation and moved somewhat faster than drift projections based
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solely on winds.

Potential adverse effects resulting from an o0il spill would be
most severe in the estuaries. 0il could damage or kill extensive areas
of marsh grass, thereby reducing or eliminating the most important
food source for the major consumers, which are fishery species. This
damage could be by direct contact with the top of the plants, the root
system, or the microbes which initiate the breakdown of grass into
detritus. Most marsh fauna is located near the boundary between the
grass and estuarine waters. If oil enters the estuaries, it is believed
that it will concentrate in this boundary area and thereby possibly
cause high mortalities of these forms and indirectly of the fishery
species, Inasmuch as detritus in the estuaries is used as a food source.
The larval and juvenile stages of the fishery species use the tidal
passes into and out of the estuaries as migratory routes, and if oil
reached these areas mortalities could have severe effects cn later
fish harvests. Damage to the Gulf shoreline would probably be minimal
unless the o0il concentrated in the littoral currents, which are also
used as a migratory aid. The most severe effect offshore would
probably be damage to the spawning waters or grounds used by the
fishery species. However, this damage would probably be low when
compared with potential spill effects on estuaries because Lhe size
of the offshore shelf area and the large volume of water would tend
to mitigate the damage.

Regardless of the final location of the Superport, research

should be initiated on the detailed hydrography and neteoroleogy of
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the proposed site, the toxic effects of various crude oils on
planktonic stages of fishery species, and the effects of oil on

matsh grasses and microbes.
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II. INTRODUCTION

A. Objectives

The objectives of this project were (1) to conduct an
overall environmental evaluation of a Superport operation at two
hypothetical leocations on the continental shelf off the southeast
coast of Louisiana, (2) to establish within the limits of available
data the existing envirpnmental conditions at and around the proposed
sites, and (3) to predict and/or document (a) the effects of an oil
spill at or near the proposed sites and (b) the effects of
operations.

Only a superficial assessment was made of the effects that a
Superport would have on pecple and their activities. No research was
done on the impact of anecillary developments, such as pipelines,
tank farms, new refining and/or manufacturing complexes. The latter
activities would probably have a more serious and adverse impact on
the environment than the port itself.

B. Study Area and Conditions

Part of the coastal area of Louisiana and its continental
shelf out to water depths of 200 meters is shown in Figure 1. Foten-
tial Superport site locations 1 and 2 are also indicated on Figure 1,
and their geographic coordinates are as follows: Site 1 at 28°42'N
and 90°14'W or about 27 miles south of Bayou Lafourche (43 kilometers)
and Site 2 at 28°57'N and 89°56 1/2'W or about 17 miles (29 kilometers)
southeast of Bayou Lafourche. Each site 1s located where water depths

are approximately 100 feet (about 30 meters). Operational (chronic)



spille were assumed to take place at the facility or site locatioms.
Casualty spills were assumed to take place at those locations on
Figure 1 marked by Cl and C2’ The geographic coordinates for Cl or
Casualty Spill 1 are 28°47'N and 90°14'W and for C, or Casualty Spill
2 are 28°58 1/2'N and 90°01'W. On the basis of these locations we
have roughly circumscribed a study area for this report indicated
by the dark lines in Figure 1 and having approximately the following
geographic coordinates:

North boundary 29°50' North latitude

South boundary 28°30' North latitude

West boundary 91°15' West longitude

East boundary 89°15' West longitude
The Mississippi River forms the boundary of the northeast corner of
the study area. The study area roughly conforms to some geographic
limits used by previous and ongoing studies, and where possible we
have tried to confine our efforts to these limits in order to use
exlsting data more easily. For example, Figure 2 i1llustrates the
gecgraphic boundaries for suggested hydrologic units along coastal
Louisiana. Hydrologic units III (Mississippi Delta), IV (Barataria
Bay complex), and V (Terrebonne Bay complex) are the areas that would
most probably underge environmental impact from a Superport and its
operations. Offshore, the most likely impact areas correspond to
commercial fishing grids 13 and 14. We have, therefore, confined our
data procurement and analyses where possible to hydrolegic units III,
IV, and V and offshore fishing grids 13 and 14.

Large casualty oil spills were assumed to take place at C1 and

02 under the following conditions:



1. Release time: 2 hours
2. S8ize: (1) 500 tons
(2) 30,000 tons
3. Frequency: (1) The immediate and cumulative effect of a
500-ton spill yearly for 20 years
(2) The immediate and cumulative effect of a
30,000-ton spill wmidway through a 20-year
period
For the periodic (chronic) operational spills we assumed the
following conditicons at S1 and 52:
Alternative #1: Assume that all crude is transshipped by tankship

(40,000 DWT in 1980 and 50,000 DWT in 2000) .
Year 1980

Amount: 840 bbl

Frequency: 2.3 bbl/day or 30 gal/supertanker operation
(588 operations) and 4.8 gal/transshipment operation
(3,673 operations).

Year 2000

Amount: 3,094 bbl

Frequency: 8.5 bbl/day or 30 gal/supertanker operation (2,165
operations) and 6.0 gal/transshipment operation
(10,827 operations).

Location: At berth

Alternative #2: Consider that all oil is piped--no transshipment by

tankship.



Year 1980

Amount: 420 bbl
Frequency: 1.2 bbl/day or 30 gal/supertanker visit (558

operations).

Year 2000

Amount: 1,546 bbl

Frequency: 4.2 bbl/day or 30 gal/supertanker visit (2,165
operations).

Location: At berth

We have also assumed that tw> types of crude oil arrive on the

Gulf coast via supertanker from Africa or the Middle East. For both

the large casualty spills and the periodic operational spills, these

two crude oil types have the physical and chemical characteristics

given

in the following table.

Physical and Chemical Characterilstics of Crude 0ils
Considered for This Study

A B
Sulfur, percentage 0.14 1.30
Nitrogen, percentage 0.083 0.042
Color brown-black brown-green
Specifiec gravity 0.858 0. 840
API gravity 33.4 37.0
Viscosity 122-69% 43-40%%
Light gasoline 2.4 7.3
Tatal gasoline and naptha 15.1 30.3
Kerosene distillate 13.1 9.9
Gas oil 10.3 15.2
Nonviscous lubricating distillate 14.8 11.3
Medium lubricating distillate 4.3 6.8
Viscous lubricating distillate —— 3.5
Residuum 42,2 19.4
Distillation loss 0.2 3.6
3, 4 benzpyrene 1320 ug/kg crude 400 pg/kg crude

*Saybolt Universal at 100°F, 122 sec; at 130°F, 69 sec.
*%Saybolt Universal at 77°F, 43 sec; at 100°F, 40 sec.



Crudes A and B would also contain compounds such as 1, 2 benzan-
thracene, 1, 2 benzphenanthrene, diphenylmethane, phenanthrene, and
dibenzthiophene in the general proportions indicated by the benzpyrene
content of each.

C. Data Sources and Acknowledgements

This report 1s based almost entirely on secondary data; no
field investigations or new researches were carried out. As a result,
dataz on the environmental background of the study area have been
liberally extracted from published and unpublished sources. Many
workers have, therefore, made this effort possible, and I gratefully
acknowledge their data and/or aid. All tables and figures have their
gsource indicated on them. Special thanks are tendered to Mrs. Nancy
Roques, who did the programming for the Hansen's model. Personal
acknowledgements are extended to Drs. John W. Day, Jr., James M.
Coleman, Sherwood M. Gagliano, Robert H. Chabreck, A. N. Palmisane,
S. P. Meyers, Stephen P. Murray, W. G. Smith, L. D. Wright, J. R. Van
Lopik, W. P, James (Texas A&M), Don Mauer (Delaware), S. J. Moore
(MIT), J. McHugh (New York), and H. J. McLellan (Sea Grant), and Mr,
S. D, Jellinek (CEQ); also to Messrs. George Cry, Sidney Crow, Paul
Wagner, and Robert Neuman and Louisiana Wild Life and Fisheries, the
Environmental Protection Agency at the Mississippi Test Facility and
W. N. Lindall (et al.) of the National Marine Fisheries Service, St.
Petersburg Beach, Florida. Special acknowledgements are also due to
the staff of Government Documents at the library of lLouisiana State

University, Baton Rouge. Use of the oceanographic data in the Glenn



(1972) report was made possible through the courtesy of Louisiana

Offshore 011 Port, Inc. The extra efforts of the asscciates and

office staff of the Center of Wetland Rescurces are especially

appreciated.



1II. SELECTED ENVIRONMENTAL INVENTORY OF STUDY AREA

A. Geological and Geographic Setting

1. Delta Formation

The study area as delineated in Figure 1 is part of
the Mississippi River deltaic plain, which 1s a composite of many
progradations of the Mississippl River {Fig. 3). There are at least
three delta complexes in the study area: they are the Plaquemines—
Modern, the St. Bernard, and part of the Lafourche complexes (Frazier,
1967). Figure 4 gives a "typical" diagrammatic development of a
delta complex. Initial progradation begins when a stream discharges
its sediment load intoc rather shallow and still waters and heavier
sediments accumulate at the end of the delta. Additional channels
usually develop, and they in turn discharge their sediment load; the
common: result is that the delta takes on a "bird-foot' shape. As
further progradation occurs, the delta plain is enlarged and overflow
deposition increases the sizes of the levees. Eventually, some of
the distributary channels become too flat; the stream is abandoned,
and a diversion takes place at another location where the slope is
adequate for discharge. Often an old channel 1is reoccupied, and a
repetition of the previous depositional phases can and often does
follow (Frazier, 1967; Morgan, 1967).

2. Active Delta: Mississippi River

The distal end of the Mississippi River has at least
four major distributaries which form the "bird-foot" shape (Fig. 5).

The delta is active, fresh water and deposition dominating the



immediate area. Unstable areas exist off the f;ont of each major
pass. The instability is characterized by mudlumps (see Fig. 5),
which result from the accumulation of heavier sediments on lighter
material, presumably causing the extrusion of the latter as mudlumps.
Mo-re than a hundred mudlump sites have been found at the mouth of
South Pass (Morgan et al., 1963; Coleman, 1972). Off Scuth and
Soutﬁwest passes a rather steep slope-off exists (Fig. &), and this
increases the general fustability and foundation problems of the
area.

The general morphology of the Mississippi Delta is the
result of the interaction of wave attack with the subaqueous profile
{Wright and Coleman, 1972). Compared to other active deltas (Table 1).
the Mississippi has a high discharge rate, approximately 17.69 x 103
m3/sec, and the shallow slope of its continental shelf (Fig. 7)

apparently attentuates the offshore wave power sufficiently to allow

a river~dominated configuration to develop.

3. Barrier Islands

At the distal end of the estuarine areas of Louisiana,
barrier islands (such as Grand Isle; see Fig. 1) have been formed,
presumably as a result of wave attack on abandoned sand bars at
the mouths of abandoned distributaries. The sand is transported
laterally and accumulates to form delta-margin or barrier islands.
Russell (1967) suggested that these islands are commonly associsated
with low-coast estuaries, such as those of Louisiana and the study

area.



4. Estuarine Areas

Between the major distributaries along the coast of
Louisiana, the delta plain has established vast marshlands (Fig. 8).
These marshlands originally were formed and maintained by annual
flooding of water and sediments over the natural levees, but now
rainfall and tidal exchange are the only means for water renewal.

As a distributary system becomes less active, subsidence usually

occurs at a greater rate in the areas of the old channels because
of the heavier materials deposited there, and, as a result, open

areas of brackish water are formed (Fig. 9).

Estimates of surface areas in all the hydrologic units
along the Louisiana coast are given in Table 2. Hydrologic units
ITI, IV, and V (Fig. 2) correspond roughly to the landward side of
the study area and can be designated as the Mississippi Delta, Bara-
taria Bay, and Terrebonne Bay. The total area of the Mississippi
Delta complex 1is approximately 901 mi2 (2,334 kmz), of which 243 mi2
(629 km®) is land surface and about 658 mi’ (1,705 km?) is water
surface. The estimated water volume is 2,209,300 acre-fset. The
total area of the Barataria Bay complex is approximately 2,509 m12
(6,500 km?), of which 1,645 miZ (4,262 kn’) is land surface and about
864 rni2 (2,238 ka) is water surface. The estimated water volume of
this area is 714,200 acre-feet. The total area of the Terrebonne Bay

complex is approximately 3,692 m12 (9,565 kmz), of which 2,648 miz

2 {2,705 ka) is water

"
(6,860 km”) is land surface and about 1,044 mi
surface. The estimated water volume of this area 1s 1,555,700 acre-

feet.



Estimates of surface areas for various natural and man-
made water bodies in each of the three hydrologic units under study
are in Table 3. These data are given for the years 1931 to 1942,
1948 to 1967, and 1970. The surface area for all types of water bodies
has increased over the years 1931 to 1970; presumably, this increase
is at the expense of existing land.

5. Shoreline Features

The shoreline morphelogy of Louisiana is characterized
by a highly developed and complex land-water interface area. The
total land-water interface, estimated at 30,191 miles, is second among
the states only to that of Alaska in extent. Approximately two-thirds
of this total interface (18,188 miles) is in the study area. Table 4
gives a breakdown of types of interfaces; there are at least five
categories, i.e., streams and bayous; bayous, lakes, and marshes;
canals and cuts; major rivers; and the Gulf shoreline. Hydrologic
units IV and V have 50% of the state's land-water interface. The Gulf
shoreline, estimated to be 363 miles long, has the smallest land-water
interface.

6. Offshore Areas

The continental shelf off Louisiana, out to depths of
200 meters, has an area of approximately 29,000 m12 (75,075 kmz).
Approximately one-fifth (15,000 ka) of the shelf is in the study
area. Generally, the offgshore subaqueous profile is not steep, and
so there are extensive areas of shallow depths all along the Louisiana

coast. However, off the delta of the Mississippi River the slope is
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greatly increased, and deeper waters are reached more rapidly. Figure
10 gives the 30-meter contour and bathymetry of the shelf per 29.6 km2
(11.41ﬁ?) grid in the study area. Table 5 gives estimates of surface
water area and water volume per depth interval for all areas offshore of
Louisiana. Separate estimates for hydrologic units III, IV, and V are
not given, however. More than 50% of the surface area of the shelf
waters is confined to shallow waters of <100 feet (30.5 meters) and

847 over depths of <300 feet (91.5 meters). Similarly, 54% of the
volume of the shelf water is in water <300 feet (91.5 meters) in depth.
The Mississippi River discharges an estimated 1 to 1.5 million tons of
sediments per day along the continental shelf of Louisiana. A detailed
characterization of the distribution of these sediments is given in
Scruton {1956).

B. Characterization of Sediments and Waters

1. Selected Estuarine Areas

The mineral composition of the sediments of Barataria Bay
is predominantly montmorillonite; there are lesser amounts of 11lite
and kaolinite (Fig. 11). Under aerobic conditions, two layers are
present in the sediments and are easily seen: a top layer that is
quite thin (1 to 2 centimeters) and colored light gray, and a bottom
layer that is usually very thick (up to >2 meters) and colored dark
brown to black. The upper layer is oxidized mud and the }ower layer
is reduced mud. The u;per layer develops and disappears in relation
to the amount of dissolved oxygen, and its presence or absence has a

significant impact on the types and amounts of substances that pass

11



between the sediments and the water (Hutchinson, 1957). For example,
under reduced or anaerobic conditions, soluble phosphorus (ionic)
passes from the mud into the water. The seasonality of this phenomenon
and its importance in Louisiana estuaries has not been researched.

Though detailed studies of circulation patterns of
Loulsiana estuaries have not been made, chemical data from Ho (1971)
and from Barrett (1971) and Perret et al. (1971) suggest that non-
conversative elements are being entrained and accumulated in sediments
upstream along a north-south axis in Barataria Bay. The mechanism
for estuarine entrainment, as outlined by Redfield et al. (1963), is
one whereby the organic material is brought in by a countercurrent of
seawater under the surface ocutflow. This organic material tends to
sink differentially, and its concentration in the surface sediments
increases upstream relative to the motion of the surface layer. Some
of the organic entrainment in the northern sections of Louisiana
estuaries may also represent incomplete flushing of the estuaries in
that the more northerly sections presumably would not purge themselves
of decaying organic material (such as dead marsh grass) as rapidly as
the more southerly sections.,

At a series of north and south stations (Fig. 12}, Ho
(ibid.) found that the sediments of the north stations contained an
average of 24% organic carbon, whereas sediments of the south stations
contained an average of <6% (Fig. 13A). The total nitrogen content
of the sediments also exhibited entrainment upstream inasmuch as

sediments of the nmorth stations had an average of 1.23% total N,
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whereas the respective value for the south stations was 0.30 (Fig. 13B).
Figure 14 shows the distribution of soil organic matter in all the
Louisiana coastal marshes. Those marsh areas having soils with >50%
organic matter are almost all located upstream or north of the mouth
of the estuary and usually in the northernmost reaches of each estuary;
this feature is especially well illustrated in the Mississippi Delta,
in Barataria and Caminada bays, and in Timbalier and Terrebonne bays.
In addition, Ho (ibid.) found that concentrations of sulfides were
higher in the surface soils of the north stations than in those of the
south (Fig. 15A). Total phosphorus (Fig. 15B) in the sediments did
not show a south to north increase.

Average dissolved carbonates 1n water samples taken 6
jnches (15 centimeters) above the sediment surface were slightly higher
at the north stations than at the south, respective yearly averages
being 149 and 141 milligrams as HCO3_ per liter (Fig. 16). These values
may reflect the availability of free oxygen in the water, greater con-—
centrations presumably being present at the south stations. Inorganic
nitrogen, nitrates, and nitrites have a high seasonal value during
March and April; this high is followed by a sharp decrease in May and a
general low through summer, which are presumably reflections of bio-
logical uptake during spring growth (Fig. 17A and B). Total phosphorus
(Fig. 18) was generally higher at the north stations; the highest
seasonal value for all stations occurred during fall (October), and a
secondary peak is evident during summer (July). Both peaks of total

phosphorus probably coincide with the sequence of the biclogical

13



activities in the estuary.

2, UOffshore Areas

Sediments offshore of Louisiana can be generally charac-
terized into three types (Fig. 19), 1.e., sands closest toc the shore-
line, alternating sands and muds, and finally muds. The origin and
disposition of these are discussed by Curray (1%260). Physical agents
affecting sediment distributions from the source rivers are permanent
currents, tidal currents, and hurricanes. The overall effect is a
series of chemier-like bands, as shown in Figure 19. TFine sediments
are generally carried farther to the west along the continental shelf
of Louisiana toward the Texas coast. The heavier materlals remain
closer to the bays and near the shore.

Water chemistries offshore of Louisiana are greatly
affected by freshwater runoff, particularly the discharge of the
Mississippi River. Riley (1937), for example, found that surface
salinities, phosphates, and chlorophyll distribution aleong the shelf
were directly related to input by the Mississippl River (Fig. 20)}.

C. élimate

1. Average Conditions

At least two pressure ridges dominate weather conditions
along coastal Louisiana. One ridge is the "Bermuda high" centered
over the Bermuda-Azores area of the Atlantic, and the other is the
"Mexican heat low" centered over Texas during the warm months., Pres-
sure changes assoclated with these ridges set up winds that predomin-

antly come out of the east (Table 6). For example, fall and winter
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winds have a strong component out of the east, 282 and 21% of all
winds, respectively; but for these seasons the components from the
northeast and north predominate over those from the southeast. In
fall, 26% of all winds come from the northeast, but only 10% come
from the southeast. Durimg winter, 18% of all winds come from the
northeast and 17% come out of the southeast; however, neorthwest winds
increase 4% over fall season occurrences, so that overall the wind
shift is still to the north. Spring and summer winds shift to the
southeast. For example, 21% and 18% of all the spring and summer winds
come from the southeast, whereas only 17% and 107, respectively, come
from the northeast.

Air temperatures usually reflect changes in wind direction.
During fall and winter, mean air temperatures in southeast iLouisiana
are 69.4°F (20.9°C) and 56.7°F (13.8°C), respectively (Table .
During spring and summer, mean air temperatures are 68.6°F (20.4°C)
and 80.8°F (27.3°C), respectively (ibid.). Because the bulk of the
surface waters of the Gulf of Mexico originate in tropical latitudes,
coastal water temperatures atre relatively higher than surface waters
at similar latitudes, undoubtedly resulting in a great warming and
increase of moisture content of the overlying air masses. Leippet
(1954) gives the mean annual temperature of Gulf surface waters as
78°F (25.6°C), whereas in comparable areas at the same latitude the
mean annual temperature is 74°F (23.3°C) in the western Atlantic,
73°F (22.8°C) in the eastern Atlantic, and 68°F (20.0°C) in the

eastern Pacific.
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Mean monthly rainfall in southeast Louisiana ranges
from 3.2 inches/month (8.2 cm/mo)} during October tb 7.4 inches/month
(18.7 em/mo) during July. Generally, the winter and summer Seasons
are the railniest, the monthly means being 5.2 inches (13.2 cm/mo) and
6.4 inches (16.3 cm/mo), respectively. Rainfall is slightly lower
during the fall and spring, 4.5 inches/month (11.3 ¢m/mo) and 4.6
inches/month (11.6 cm/mo), respectively (Table 8).

Humidity along the southeast coast of Loulsiana is high
because of abundant rainfall and possibly because the prevailing
winds have a long fetch over the warm surface waters of the Gulf.
Table 9 gives the percent frequency of six classes of humidity on a
seasonal basis for New Orleans. Humidity is generally high all year,
but i1t is highest during summer.

Coastal fog (as indicated for New Orleans and Lzke
Charles) is 2 to 4 times more frequent during December and January
(Table 104 and B). Generally, the duration of coastal heavy fog 1is
only about 3 to 4 hours. Visibility offshore of Loulsiana is reduced
to lesé than 3 miles (4.8 kilometers) 4.3% of the time on a monthly
basis. Poorest visibility occurs during winter and the spring months
of March and April; visibility less than 3 mliles occurs 7.9% of the
time, during January and 9.6% and 8.0%7 of the time during March and
April, respectively. The sky is obscured by cloud cover on the
average from 4/10 to 6/10 of the time (Leipper, 1954).

The seasonal pattern of insoclation in southeast Louisiana

is given in Figure 21. During winter, solar radiation averages about

16



235 gr-cal/cmzlday, and during spring months 1t increases to 435
gr-cal/cmzfday. The rate reaches a maximum of 488 gr—cal/cmzlday
during summer and declines to 367 gr—cal/cmziday during the fall.
This seasonal pattern of solar energy undoubtedly is one of the
causal factors involved in biological productivity.

Cyclones, particularly the tropical species, generally
affect the northwest Gulf area from late May to early November. Data
on cyclones, including hurricanes, in coastal sections of Louisiana
are given in Table 11. West of the Mississippi Delta, the probabllity
of cyclone occurrence is slightly higher than to the east, occurrence
values are 21% and 18%, respectively, for Barataria and Terrebonne and
15% west of the Mississippi Delta. The probability of hurricane and
great hurricane occurrence is about the same on either side of the
delta. Table 12A and B gives historical data on hurricanes within 180
miles (290 kilometers) of the Louisiana coast. During the entire
hurricane season (163 days; May through early November), the average
number of tropical storms is 0.76/year; the overall probability for
any one day is 0.47%. Usually hurricanes occur at leagt once a year,
and their overall probability is 0.61% for any omne day. Comparative
cyclone data are given in Figures 22 and 23 for the entire Atlantic
and Gulf seaboards; it is apparent that the Gulf is more susceptible
to cyclones (and hurricanes) than the Atlantic coast. Thus areas 5
and 6 (see Fig. 22 and Table 11), off Texas, for any one year have an
overall tropical cyclone occurrence probability of 19% and a hurricane
probability of 13%. For areas 1l and 12, off Louisiana, the probabil-

ities are about the same, respective values being 187 and 11%., Similar
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probabilities for areas 46-47 (Delaware), 50-51 (New Jersey) and 58
(Maine) are 2.5% - 1.5%, B8.5% - 6.0%, and 13.0% - 5%, respectively.

2. Summer Conditions

Two pressure ridges dominate the summer weather of coastal
Louisiana. One is the "Bermuda high," centered over the Bermuda-Azores
area of the Atlantic, and the other is the '"Mexican heat low,'" centered
over Texas, resulting from solar heating over the land. During July,
67% of the coastal winds are out of the southeast, scuth and southwest;
98% of the wind speeds are <19 mph (8.5m/sec), and 50% of them are <9
mph (4 m/sec) (Table 13).

Average monthly alr temperatures are high: 78.7°F (25.9°C)
in June, 80.7°F (27.6°C) in July, and 82.2°F (27.9°C) in August (Table 7).
Rainfall is also high during the summer; monthly averages are 5.3 inches
(13.5 centimeters), 7.4 inches (18.8 centimeters), and 6.6 inches (16.8
centimeters), respectively, for June, July, an& August (Table 8).

During active seasons for hurricanes the probability of a
hurricane occuring on any one day is 0.56% between June and July; during
inactive seascons it is 0.15%. During early August, in an active season,
the hurricane probability incteases sharply to 0.99%; but in an inactive
mid-season, the first part of Avgust is the calmest time of the year
(Table 12A4).

3. Fall Conditions

During fall, the "Bermuda high" pressure ridge starts to
migrate toward the southeas- of the Gulf of Mexico. September winds
(Table 14A) shift to a more northeasterly crigin, 21% of winds coming

out of the northeast compared to 3% for July. Wind speeds increase
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over those of July: 11.9 are >25 mpr (11.2 m/sec), compared to 1.7Z
during July. October winds (ibid.) continue the shift to northeast
origin; almost 30% come from that direction. October wind speeds
(Table 14B) also increase over those of September; 13.7% are >25 mph
(11.2 m/sec).

Air temperatures begin to decrease during September (75.2°F
or 24.0°C) and October (71.3°F or 21.8°C), but the sharpest drop occurs
during November: down to 61.7°F (16.5°C). Rainfall is usually high
during September (6.4 inches or 16.2 centimeters), but during October
and November a drier period occurs: 3.2 inches (8.1 centimeters) and
3.7 inches (0.4 centimeters), respectively (Tables 7 and 8).

The first part of the fall is the most active period for
tropical cyclones, the overall probability being 0.99% for any one day.
Most hurricanes occur during this season; the average number is 0.7 per
year (Table 12).

4. Winter Conditions

During winter, the "Bermuda high" is usually located in
the southeast area of the Gulf of Mexico. In December winds out of the
northeast, north, and northwest increase, the percentage of all winds
from these directions being 24.7%, 16.6% and 8.6%, respectively (Table
15). Wind speeds increase over those of September and October: 23.1%
are »25 mph (11.2 m/sec), as compared to 11.92 and 13.7% for the latter
months, respectively.

Air temperatures are lowest during the winter seasou. During
December, the mean air temperature is 56.8F (13.8°C); during January,

54,9°F (12.7°C); and during February, 58.5°F (14.7°C). Rainfall, however,
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increases over the fall season average, the average in December, January,

and February being 5.0 (12.7 centimeters), 5.9.(15.0 centimeters), and

4.7 (11.9 centimeters) Inches/month, respectively (Tables 7 and 8).
Tropical cyclones are rare during this season (Table 12).

5. Spring Conditions

The frequency and Intensity of '"northers" decrease during
spring as the "Bermuda high" develops again over the northwest portion
of the Gulf. During April, winds shift to an origin predominantly
out of the scutheast (Table 16): 32.67% are from the southeast compared
to 15.2% during December {(of Tables 15 and 16)., Wind speeds are slightly
reduced from those of December; 52.2% are <14 mph (6.3 m/sec) compared to
32.6% <14 mph (6.3 m/sec) for December.

Air temperatures begin to increase. The mean air tempera-
tures during March, April, and May are 61.7°F (16.5°C), 68.9°F (20.5°C),
and 75.2°F (24.0°C), respectively. The greatest increase in air tempera=-
ture occurs during March (7.2°F or 4.0°C) and April (6.3°F or 3.5°C).
Rainfall during the spring season is slightly less than that during the
winter season, mean rainfall during March, April, and May being 4.9
{12.4 centimeters), 4.3 (10.9 centimeters), and 4.5 (11.4 centimeters)
inches/month, respectively (Tables 7 and 8).

The probability of a tropical storm occurring during
this season is slightly more than during winter, but the chances are
still low, being 0.23%. The average number of hurricanes per year

during this season is only 0.02%, the lowest of the year (Table 12).

20



D. Hydrographic Background

1. General Description

No systematic survey of the oceanography of the western
shelf along Louisiana has yet been made. The generalized picture of the
surface circulation system given in Figure 24 is a result of compiling
data and extrapolating from a variety of sources. Just south of the
Misgissippi River delta the surface circulation has a northerly set,
possibly as the result of intrusion of the Yucatan current. When this
water reaches the delta it flows to the west and east. The eastern branch
forms a clockwise gyral along the continental shelf of northern Florida;
it is especially well defined during late winter and spring. The western
current is not so well defined but 1s presumably a boundary current flow-
ing northward; the overall net direction is probably to the northwest.and
west-northwest as a result of modifications by winds, bottom topography,
and discharge waters of the Mississippl and other rivers.

A littoral drift, setting to the east, is present along the
coast near Grand Isle and may be coupled with Mississippi River dis-
charge, as suggested by satellite photographs and by the presence of high

concentrations of Escherichia coli at times in the waters of Barataria Bay.

The latter is presumed to be the result of Mississippi River input inasmuch
a8 it contains sewage contaminants. 1In additioﬁ, cells of high-salinity
waters are often present immediately off the mouth of the delta, probably
as & result of the bifurcaticn to the east and west of the discharge

waters of the river and the intrusion of oceanic waters between

them. Hurricanes in the Louisiana area usually have a net drift

toward the northwest. They can cause considerable modification to the
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shelf waters and generally push oceanic water onto the shore and into

the estuaries.

2. Surface Circulation along Western Continental Shelf

The primary surface current of the Gulf of Mexico enters
through the Yucatan Channel and eventually leaves through the Florida
Straits. The extent of this intrusion into the Gulf variles with the
geagon; it is just evident during February and March, but by August
it becomes well defined, reaching approximately 760 kilometers across
the Gulf or almost to the edge of the continental shelf off the delta
of the Mississippi River (Nowlin and McLellan, 1967; Leipper, 1970).
It is uncertain whether the shelf circulation off western Louisiana is
coupled with the Yucatan Current (Nowlin, 1971}, but it i3 generally
known by mariners and from localized oceanographic surveys that the
set of the shelf current is to the northwest and north-northwest.

Current data for a l-year period, extracted from Scruton
(1956), were taken within an area just west of Burrwood, Louisiana,
in the Mississippi Delta {in a 1° square bound by 28°-29° north lati-
tudé and 90°-91° east longitude), and from an area just south of Grand
Isle, Louisiana (in a 1° square bound by 28°-29° north latitude and
89°-90° west longitude}. The mean current vector off Burrwood sets
toward 348° at 10.8 cm/sec, and off Grand Isle it sets toward 318°
at 14.9 cm/sec. The currents off the Burrwood area have more northerly
and easterly components than those of the Grand Isle area. Monthly
data (ibid.) confirm this difference inasmuch as each of the resultant
currents off Burrwood usually sets more often to the north than those

off Grand Isle; the fall season (September, October, and November) is
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an exception to this generalization. It 1is appropriate to note that

during the summer months {June, July, and August) currents off Burr-

wood set due north and north-northeast. In the Grand Isle area,

currents set with a north and west component, but during the summer

months a more northerly set 1s evident. Wind data from Scruton (1956)

for both areas are given in Tables 17 and 18. Scruton claims a

significant correlation (at p <0.02) between surface currents and winds.

The correlation coefficlents between the surface currents and winds

are r = 0.52 and 0.41 for the Grand Isle and Burrwood areas, respectively.
Additional current data for the Grand Isle area are given

in Table 19. These data were collected for a pipeline company just south

of Grand Isle within an area delineated by geographic coordinates 28°55'

to 28°57 1/2' north latitude and 89°56' to 89°58 1/2' west longitude.

More than 55% of the surface currents flow to the west (NW + W + 3W)

at a median speed of approximately 1.2 ft/sec {42.7 cm/sec).

3. Littoral Currents

There 1s a littoral drift current along the shore of the
Grand Isle area. Actual measurements of the direction and speed have
not been made, but Conatser {(1971) has inferred its presence and
difection from sediment bulldup on the sides of jetties and groins
extending out along the ocean front of Grand Isle. Conatser states
that waves moving out of the southeas£ and southwest arrive at Grand
Isle at an angle just slightly from normal to the long axis of the
beach and, as a result, they induce a littoral current to set toward

the northeast. The end result is sand bulldup on the southwestern sides
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of the jetties and groins. The jetty at the norpheast end of Grand

Isle particularly shows the effects of this buildup; it has increased

by about 367 meters along its southwest side since 1958. This littoral
transport is probably in response to prevalling southerly winds inasmuch
as Conatser has observed a temporary reversal (i.e., on the northeast
side) of sand buildup along the sides of jetties when strong easterly
winds occur. In addition, he states that discharge out of Caminada

Pass into the Gulf is, under normal circumstances, toward the northeast--

another indication of the northeast littoral drift.

4. High-Salinity Cells off Delta of Mississippi River

There are cells of water off the Mississippl Delta which
have high salinities (Walsh, 1969; Bouma et al., 1971). 1t has been
suggested that oceanic waters which intrude near the delta split iﬁto
an easterly and a westerly component. The result 1s probably a serles
of uneven convergence lines where mixing of oceanic and river waters
is uneven and cells of high-salinity oceanic water are formed. Chew
et al. (1962a), using drift bottles, found that bottle returns showed
a con;istent pattern of recovery from eastern and western locations
on either side of the deltalof the Mississippi River. These workers
also found that stagnant or unmixed cells were often present off the
delta of the river, and they took this to mean that there were unmixed
areas of water, probably the result of the intersection of oceanic
waters with river waters. Bouma (ibid.) found that these oceanic
cells generally had higher salinities and temperatures but less

detrital and sediment content than the surrounding waters.
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5. Modification of Shelf Hydrography by Mississippi River

At the Head of Passes, the Mississippl River branches into
three major distributaries (Fig. 5). Pass A Loutre carries 37% of the
total river discharge, whereas South Pass accounts for 29% of the total
and Southwest Pass accounts for about 15% of the total. Average river
discharges by month over 21 years are given in Table 20. Figure 25
graphically illustrates the discharge volume per month of the Missis-
sippi River. Highest discharge occurs during spring, especially during
March and April. During summer there is a sharp decline in runoff,
and by fall and early winter the river is generally at its lowest stage.

Studies near South Pass by Wright (1970) show that current
vectors during flooding and ebb tides increase in velocity and change
their direction from a southerly set to one toward the southwest (Fig.
26). Sediment distribution (Fig. 27) confirms this pattern inasmuch
as the plumes generally bend toward the southwest. The isopleth of
the 80 mg/l suspended concentration extends out approximately 6,000
meters. Vertical mixing and statification were found to be significant
functions of the distance from the river's mouth, the river's stage,
and winds (Table 21).

6. Effects of a Hurricane on Hydrography

Stevenson (1967) collected temperature and salinity data
off the Louilsiana coast before and after Hurricane Betsy in September
1965. Prior to the hurricane, the surface waters near the delta of the
Mississippi River were usually brackish to fresh and spread parallel to

the coast along the contimental shelf (Fig. 28), extending seaward
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approximately 250 kilometers. Four to ten days after the hurricane,
the same general transects were repeated along tﬁe coast and toward
the shore at Terrebonne and Barataria bays (Figs. 29 and 30). The
data indicate that water temperatures at depths as great as 7) meters
increased as much as 6°C after the storm. It was estimated that the
upper 30 meters of water was disturbed out to a distance of about 90
kilometers on either side of the hurricane eye.

7. Gross Circulation of Barataria Bay

Barataria Bay is considered to be a composite of three
different hydrelogic wnits, as shown in Figure 31, Its gross circu-
lation patterns are outlined in Figures 32 and 33 (Pike and Hacker,
1972, unpublished data) in streamlines for each of the hydreologic units
within Barataria Bay under conditions of an outgoing and an incoming
tide. Estimates are given in Table 22 of the annual average flow of
fresh water through each unit; the easternmost unit, through Quatre
Bayou Pass, passes the most water per day at 1.0 x 10° ft3/day. The
average residence time that a particle of water spends in each of the
units is 53, 48, and 50 years for units I, II, and III, respectively.
Figure 34 presents residence times differently by dividing the areas
into three subareas, running west to east. The total time for a water
particle to move from north to scuth through all sections would be
3,000 days. Thereafter, transport out of the bay is assumed to be
quite rapid and to be accomplished within a tidal cycle. These daca
imply that if a particle is located north of the boundary conditions

shown in Figure 34, then its removal will be significantly slower.
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8. Water Temperatures and Salinities

Median water temperatures for Barataria Bay are given
in Table 23. Water temperatures during winter average 13.4°C and
during spring increase to 21.4°C. The most significant increase in
water temperature occurs during April and May; respective averages are
92.4°C and 25.4°C. Summer water temperatures average 28.4°C, and
during fall they drop to 22.7°C. The most significant decrease
usually occurring during December. It is probably significant to
biological production (such as fishery harvest) that considerable
variation in water temperatures occurs during the winter and spring
months. The reader is especially directed to examine the monthly
data for variations between them and the overall average.

Representative water salinities for Barataria Bay over
a 1-year period are illustrated in Figure 35; they range from about
6 °/oo to a maximum of about 15 to 16 °/... Lowest salinities occur
during April and May, and this condition appears to be directly corre-
lated with the peak discharge of the Mississippi River. Figure 36
gives isohaline patterns for the entire Louisiana coast and for some
offshore locations. The influence of freshwater influx is evident
along the entire Mississippi Delta and in Barataria and Caminada bays.
Timbalier and Terrebonne bays, however, appear to be comparatively
more saline than the former two hydrologic units; the 20 °/.. iso-
haline is located farther north in these bays.

Table 24 gives water temperatures and salinities at a
location 8 miles offshore from Grand Isle, Louisiana. Average water

temperature during winter is 16.9°C (62.4°F), which is slightly warmer
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than in the estuaries. During spring, summer, and winter the mean
water temperatures are 21.2°C, 29.0°C, and 24.9°C, respectively.

9. Sea Level and Tidal Effects

Sea level along the Louisiana coast has been rising since
the 1940's (Fig. 37). Data from three recording stations reflect this
gradual encroachment of seawater. Gemerally, however, the mean tidal
range 1s small, from about 2 inches (5 centimeters) to 24 inches (60
centimeters). Table 25 gives monthly data on tides along the central
Louisiana coast. Tides are diurnal, and maximum ranges recur about
every 2 weeks, alternating with minimums. The highest mean water level
occurs during September and October, and the lowest levels oeccur during
December through March. Winds, however, modify the tides significantly
by eirher pushing the water out of the shallow estuaries or pushing
more in under either a north or a south wind. The marshes are rarely
covered during winter as a result of strong north winds. Table 26
gives tide data for a location offshore of Grand Isle. The mean range
is 1 foot (30 centimeters), and maximum range is 3.3 feet (1 meter).

10. Wave Characteristics

Approximately 927 of the waves along coastal Louisiana
are 3 to 5 feet (1 to 1.5 meters) in height and have a period of
4.5 to 6 seconds when wind speeds are greater than 10 km/hr. Most of
the waves (43%Z) come out of the southeast (Table 27). In water depths
of 30 meters, maximum wave height is about 27 feet (8 meters) but,
depending on the storm, it can be 34 feet (10 meters) every 5 years,
39 feet (12 meters) every 10 years, 46 feet (l4 meters) every 25

years, 52 feet (16 meters) every 50 years, or up to 54 feet (16 meters)
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every 100 years (cf Tables 28, 29, 30, 31, 32, and 33). On an annual
basis waves come out of the northeast, southeast, east, and south
70.9% of the time, and 71.9% of them are between 0 and 5.9 feet (1.8
meters) in height (Table 34). During April, 78% of the waves are from
the northeast, east, southeast, and south. During July, the waves shift
to a more ;outherly origin, 66.7% of them coming from the southeast,
south, and southwest. During September and October, the waves shift to
an origin more from the nmorth, as 25% of the winds come from the north-
east, compared to 3% during July. During December, the shift is
slightly more to the north (cf Tables 35, 36, 37, 38, and 39).

The Louisiana coast is a low-energy coastline in terms
of offshore waves. Data in Table 40 suggest that during spring and
summer the intensity of offshore waves is at its lowest peak, but
during fall and winter a 2X to 3X increase in intensity takes place.
Figure 38 characterizes the Louislana coast in terms of wave power
and advance or retreat of a particular section of coast. The Missis-
sippl and Atchafalaya (off Vermilion) deltas are, as would be expected,
advancing. The Barataria and Terrebonne coastlines are, however,
retreating. Along eastern and western Terrebonne this retreat amounts
to >50 ft/yr (15 m/yr) and 25 to 50 ft/yr (7 to 15 m/yr), respectively.
The coastline of Barataria Bay is retreating at a rate of 12 to 25
ft/yr (3 to 7 m/yr). It is noteworthy that the annual wave power at
the 30-foot (9-meter) depth contour is greatest along the eastern
side of Terrebonne Bay (i.e., Timbalier Bay). Figure 3% gives a plot

of the orthogonals along the entire Louisiana coast. The density of
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orthogonals is greatest off and east of the Mississippi River deita

which suggests that this is the area of greatest wave power.

E. Biological Units

1. Important Physical Parameters

Salt marshes such as the Barataria and Terrehonne systems
are highly productive ecosystems, considered by some (Pomeroy, 1970)
to be highly eutrophic and quite stable. Their stability is apparently
enhanced by the presence of a large amount ¢f nutrients, resulting in
turn in high and continuous primary production by means of a diversity
of species. Although the data are not complete, the most important
parameters controlling the cycle of estuarine production appear to be
weather-related or environmental phenomena. Guidelines as to which
environmental factors are important in estuarine production exist in
the research literature. TFor example, Riley (1937) demonstrated the
significance of Mississippi River discharge in terms of nutrient input
to the northern Gulf of Mexico. Schelske and Odum (1962) claimed
that primary production in Georgla estuaries is directly related to
high and continuous production by a diversity of species (i.e., marsh
grass, benthic algae, and phytoplankton), to tidal flushing, to abundant
nutrients, and to rapid turnover rates. Odum and de la Cruz (1967)
demonstrated the role of tidal currents and temperature in the formation
of estuarine detritus. Odum (1971) suggested that there is a good
correlation between detritus production in an estuary and the production
of coastal fisheries contiguous to the estuary.

With the above serving as a background, Stone (1972)
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regressed nineteen environmental variables on fishery harvest taken
of f the Louisiana coast on a monthly basis from 1962 through 1969,
The variables are given in Table 41. The overall regression was
significant at p = 0.0001 and accounted for 97% of the data variance
(Table 42). Stepwise regressions (Table 43) revealed that water
temperature significantly accounted for better than 80% of the data
varlance, and four other variables (i.e., tide ramge, sea level, air
temperature, and Mississippi River discharge) and their interactions
significantly accounted for an additional 6% of the data variance.
Inasmuch as the major fishery species of Loulsiana, i.e., menhaden and
shrimp, are derived from estuaries, the assumption is that these five
or six variables probably control a significant part of estuarine
production. This does not mean that they are the only factors, and
it should be emphasized that these variables are probably connected
or mask the effects of temperature on growth and mortality and with
the effects of the transportation of food (detritus) and nutrients.

2, Plant Communities

There are approximately 4 million acres (1.6 million
hectares) of marshlands in the coastal zone of Louisiana (Table 44).
Three general marsh zones are proposed by Chabreck (1972): (1) the
chenler plain zone west of Lafayette, (2) the inactive delta zone
east of Lafayette, and (3) the active delta zome or the delta area of
the Mississippi River (see Fig. 40).

Within each zome, four general plant communities are

recognized (Chabreck, 1970 and 1972). They are (1) the fresh community,
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which makes up about 30.8% of the total Louisiana marsh, (2) the
brackish community, which accounts for 30.7% of the total, (3) the
saline community, which accounts for 22.1% of the total, and (4) the
intermediate community, accounting for 16.3% of the total (Fig. 41).
These plant communities are based on vegetative_types originally pro-
posed by Penfound and Hathaway (1938), and this system refers to the
relative salt tolerance of the major vascular species aloag the

Louisiana coast, In saline communities, Spartina alterniflora,

Distichiis spicata, Juncus roemerianus, and Spartina patens are the

indicator species. In brackish and intermediate communities, the

indicator species are Spartina patens, Distichlis spicata, Phragmites

communis, and Sagittaria falcata. The indicator species for the fresh

community are Panicum hemitomon, Sagittaria falcata, Eleocharis 8p.,

and Alternanthera philoxeroides. At least one hundred eighteen species

of vascular plants have been found within these communities (Table 45).

Spartina patens makes up 25% of the total vegetation, and other major

species (those >5% of total) are S. alterniflora, Panicum hemitomon,

Distichlis spicata, and Sagittaria falcata (ibid.).

Tables 46 and 47 give the fourteen major plamt species
occurring in the active and inactive delta marsh zone. (These are the
only two marsh zones pertinent to this report.)

The total acreage in terms of marshes, water bodies,
swamp, and dry land for hydrologic units in the study area is glven in
Table 48, {.e., III (Mississippi Delta), IV (Barataria Bay), and V

(Terrebonne Bay)., WNatural marsh makes up 22.9% of the total acreage
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in unit III, 36.4% in wnit IV and 41.6% in unit V. Terrebonne Bay
(V) has more marsh than any other estuary in Louisiana, and Barataria
Bay is second in rank.

Table 49 gives total acreage of hydrologic unit I1I
(Migsissippi Delta) according to the four general types of marsh-plant
communities. No saline marshes are present in the delta area, probably
as the result of the freshwater input of the Mississippi River. Most
of the delta marshes are of the fresh and intermediate types, i.e., 34.7%
and 44.4%, respectively, though 20.8% is brackish.

Tahle 50 gives similar data on the Barataria Estuary,
hydrologic unit IV. All four vegetative types are present in this
estuary, but, in contrast to the delta estuary, 30.7% of the area is
saline marsh. Fresh marsh accounts for most of the acreage, i.e.,
38.3%, and brackish marsh accounts for 30.7% of the total acreage.
Intermediate marsh is not so strongly developed in Barataria as in the
delta (4.7% compared to 44.4% in the latter). Table 51 gives acreage
estimates on vegetative types for the Terrebonne Estuary, hydrologic
unit V; percentage composition is almost identical to that of Barataria
Bay, i.e., 31.6% saline, 23.3% brackish, 6.5% intermediate, and 38.6%
fresh,

The major plant species found in the natural marshes of
the Delta, Barataria, and Terrebonne estuarine units are given in
Tables 52, 53, and 54; no plant species were included in these listings
that made up less than 1% of the total species composition. In the

Delta estuary, the dominant species are Phragmites communis, Myriphy-

1ium spicatum, Panicum sepens, Bacopa moanieri, and Spartina alterniflora.
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In the Barataria Estuary, the dominant species are Bacopa mennieri,

Distichlis spicata, Eleocharis sp., Juncus roemerianus, Panicum

hemitomon, Pluchea camphorata, Sagittaria falcata, Spartina alterni-~

flora, Spartina patens, and Vigna repens. In the Terrebonne Estuary

the dominant specles are Bacopa monnieri, Cyperus odoratus, Distichlis

spicata, Eleocharis sp., Leptochloa fascicularis, Panicum hemitomon,

Sagittaria falcata, Scirpus olneyi, Spartina alteraniflora, Spartina

patens, Typha spp., and Vigna repens.

3. Primary Production

Primary production in Louisiana coastal wetlands has
been measured only in selected areas of the Barataria Bay estuary. A
partial 1ist of primary producers for those areas is given in Table
55. The significance of this listing is that primary production
operates on at least four levels (benthos, phytoplankton, epiphytes,
and marsh grass} and by means of a diversity of species.

Gross production for the benthos and phytoplankton is
glven in Figure 42. Phytoplankton production is at a maximum during
July and at its lowest during the winter period. Benthic production
peaks during late August and early September. Epiphytic production
is shown in Figure 43; it has two seasonal peaks, one during spring
and the other during late winter, The patterns of epiphytic and
benthic production are quite similar in that they complement production
by phytoplankton and marsh grass; their peak production generally occurs

when the latter two groups are at low production.

Total net production for Spartina alterniflora at selected
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areas in Barataria Bay is given in Figure 44. Production is highest
during April and May and remains relatively high through July. Stream-
side production is always greater than iniand production. Live standing

crop of 8. alterniflora reaches its maximum value during September,

whereas the dead standing crop reaches its maximum value during late
winter and spring (April). The maximum loss rate of detritus occurs
during April, and a secondary high peak occurs during September and

October. S. alterniflora is an annual plant which flowers in October

and dies back during December. Propagation of this species in the
Barataria Estuary is thought to be primarily by means of the existing
root system rather than by seeds (Gosselink, 1972, personal communi-
cation).

Summary data on primary production for the marsh and water
community in the Barataria Bay area in terms of dry gram weight per
square meter per year is given in Table 56, Net community production
of the marsh grass is 764 g dry wn/mzlyr for the water column. These
data illustrate the prime importance of the marsh grass inasmuch as
its net yield is some 12X to 40X greater than that of any of the other
producers. For any one year, most of this net yield probably remains
on the marsh as living plants until late winter, when the crop dies
back. The dead plant material is then broken down into detritus and
transported by high spring tides into the open bay areas offshore,
where it supports an extensive marsh fauna and the major fishery
species. Energy flow estimates for the Barataria Bay area are given

in Figure 45. Approximately 58% of the total net production of the
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estuary is used by species within 1ts geographic confines, and about
42% is estimated to be "exported" to the offshore area.

4. Marsh Consumer Species

Consumer species in three different habitats common to
the marsh-estuarine system of the Barataria Bay area are listed in
Table 57.

Population estimates of bacteria, on a seasonal basis,
are given in Figure 46 for the Barataria Bay area. Bacteria associzted
with 1living marsh plants have a population peak of 107 cells per gram
of wet substrate during August; however, high pepulations (%106 cells/
g/wet substrate) generally prevail during the entire year. Bacteria
populations in the sediments are approximately an order of magnitude
lower than those associated with marsh grasses: they also appear to
be relatively constant in numbers throughout the year. In the water,
bacteria populations are about 2 to 4 orders of magnitude less than
those of the sediments and marsh grass, but 2 peaks are evident, during
spring and late summer. The difference in bacteria populations among
these three habitats i¢ probably a reflection of adequate surface area
for growth. The available surface area on marsh grasses and sedimenés
presumably would be greater than that of water. Table 58 gives addi-
tional population estimates for bacteria at various locations on the

marsh grass S. alterniflora. The greatest populations occur at the

mid and bottom portions of the plant; it is noteworthy that these
areas have the greatest amount of moisture.

Seasonal biomass of zooplankton from a salt marsh area
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east of the Mississippi River is given in Figure 47. A population

peak, about 3X that of the rest of the year, is reached during April.
Biomass estimates for various macrofauna common to the

marsh grass habitat is given in Table 59. These organisms are poly~

chaetes, Neritina, Sesarma sp., fiddler crabs, blue crabs, Littorina

sp., Melampus sp., and Modiolus sp. Bilomass estimates are given as a
function of the distance the organisms are located from the edge of
open water back into the marsh grass for 300 meters. Figure 48
graphically 1llustrates these data for two areas sampled in the
Barataria Estuary. The bulk of the species biomass is located quite
close to the water-marsh interface; indeed, the largest biomass usually
occurs within the first 3 meters of the marsh away from the open water's
edge, and probably greater tham 80X of the biomass occurs within the
first 50 meters.

Biomass estimates on a seasonal basis for benthic organisms
common to the submerged sediments in the Bartaria Bay area are given in
Figure 49. Nematodes and amphipods have a biomass peak during March,
whereas foraminifera have their peak in April-May. It is noteworthy
that the distribution of these benthic creatures is clumped near the
shore or, equivalently, the water-marsh interface area (Fig. 50).

Fish species taken in Caminada Bay, part of the Barataria
Estuary are listed in Table 60. One hundred and thirteen species of
fish were collected during this study (Wagner, 1972). Number of fish
per hectare x 1000 and their biomass in kilograms per hectare x 10

for the Barataria Bay area is given in Figure 51. The greatest number
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of fish occur during mid-march, and a secondary peak develops during
August. Fish biomass reaches a peak during August. The 5 most
dominant specles of the sampled area are given in Table 61. Anchovy
and menhaden are first and second ranked, respectively; they are
followed by spot, croaker, and sea catfish. Generally, the other
statistics, i.e., mean number per trip, percentage of total, total
biomass per trip, and percentage of blomass, follow the ranking of the
total numbers for each species; the only exception being for total
biomass of the sea catfish. The population of the latter species was
made up of larger individuals (Table 62). More detailled data on these
6 fish species in terms of numbers and biomass per sampling date are
given in Tables 63 and 64. Anchovy and menhaden made up >70% of the
total numbers and >19% of the total biomass. Sampling was done by
means of a 6-foot otter trawl, hand seines, and trammel nets, and so
some of the data undoubtedly reflect a sampling bias.

Seasonal biomass of fish species for other areas in the
Baratgria Estuary is given in Figure 52. A strong peak is evident
during spring (March through May) and is followed by a decline through
the fall season and a sharp decrease during the winter season. An
abridged breakdown of the food used by the dominant fishery species
of the Barataria Estuary is given in Table 65.

Biomass data for the brown and white shrimp (Penaeus
aztecus and P. setiferus) in the Barataria Estuary is given in Figure
53. Brown shrimp have a peak biomass during March and early summer,
whereas biomass of the white shrimp peaks during October and November.

Estimates of seasonal abundance of marsh birds common to
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the Barataria Estuary and some qualitative data on their feeding habits
are given in Table 66. The birds are categorized into wading birds,
waterfowl, shore birds, and birds of the marsh proper. Waterfowl

(12 of the 13 specles listed) are more abundant during the winter months;
6 of 9 wading species predominate during the warmer seasons. Specles

of shore birds do not show a pattern either way. About 6 species are
abundant all year, and the other five are common during warm or cold
months. Figure 54 graphically illustrates these data. Ducks (waterfowl)
predominate during the winter, and waders have thelr largest biomass
during summer. The other bird species have relatively constant popu-
lations during the year.

5, Fishery* Species

For the last 10 years Louisiana has been the leading
fishery state in terms of volume, and in terms of economic value it
usually ranks among the top five states. Table 67 gives the 1970
harvest data for Louisiana by volume and dollar value. Six species
make up 99% of the harvest volume and 98% of the economic value.
Menhaden and shrimp are the principal two species, accounting for
94% of the volume and B86% of the economic value. Other important
species are the oyster, blue crab, freshwater catfish, and crawfish.

Thé broduction and value of the major estuarine-dependent
figheries as produced in Louisiana on a 5-year average (1963-67) by

major species, by major species taken in adjacent states but produced

*Fish and shellfish
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in Louisiana, and by major species produced in each of the hydrologic
units along coastal Louisiana are given in Tables 68, 69, and 70.
Units III, IV, and V are the Mississippi Delta, the Barataria Bay
estuary, and the Terrebonne Bay estuary, which form the landward
geographic limits of the area for this study. Commercial fishing grids
13 and 14 form the offshore geographic limit (see Figs. 1 and 2).
During 1963-67 the major fishery species were almost the
same as those for 1970. Menhaden and shrimp constituted 93%Z of the
volume and about 85% of the total economic value (Table 68). Harvest
estimates in terms of volume and value for fish and shellfish landed
in adjacent states but taken in Louisiana waters are given in Table
69. Fishery products totaling at least $5 million derived from the
estuaries of Loulsiana were harvested in adjacent states. A complete
breakdown of similar data for harvest of major species for each of
the nine hydrologic units along coastal Louisiana is given in Table 70.
The Barataria Bay estuary (unit IV) has the highest total
production {1,183 pounds per acre) and value ($46 per acre) of any of
the hy&rologic units. Terrebonne Bay (unit V) is fourth- and third-
ranked in terms of production and value, respectively. The Mississipﬁi
Delta (unit III) area ramks sixth in production and fifth in value.
The remainder of this section will deal with selected data
on each of the principal fishery species in the following order:
menhaden, shrimp, oyster, blue crab, and croaker.

Menhaden (Brevoortia Eatronus) - The 1ife history of

menhaden apparently follows the typical pattern of an estuarine-dependent
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species: the adults spawn offshore somewhere along the continental
shelf and then the larvae enter the estuaries, where they undergo
rapid growth and finally leave as near—adults. The individuals
harvested off Louisiana are probably 1 to 2 years old.

The menhaden fishery of Loulsiana started in 1948 and
achieved mature status in the 1960's (Table 71). In the 1970's record
harvests of >1 billion pounds have been achieved, suggesting to some
that this species 1s now being exploited to its maximum.

Data on juvenile menhaden captured in each of the hydro-
logic units are given in Table 72. No data are given for the Missis-
ippi Delta. The Barataria Bay area has the highest spring, sumrer, and
winter abundances, and the Terrebonne area has the highest summer popu-
lations. The average abundances of juvenile menhaden per unit effort
are one hundred thirty-one and thirty-four for Barataria and Terre-
bonne, respectively.

Production and harvest data on menhaden for each of the
coastal hydrologic units and for each of the offshore grid areas are
given in Tables 73 and 74. The largest harvest in the hydrolegic units
of Louisiana for this species occurs in the Barataria Bay estuary,
production being 1,070 pounds per acre, almost 6X to 7X greater than the
production in the Mississippi Delta and Terrebomne Estuary. Maximum
offshore harvest occurs east of the study area in offshore grid 15, the
S5-year average harvest being 174 million pounds.

Shrimp (Penaeus aztecus and P. setiferus) - Brown and

white shrimp species that are most significant to Louisiana, and brown
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shrimp usually accounts for most of the harvest. These specles are
estuarine dependent in that they usually spawn offshore, the larvae
migrate into the estuaries, and after 2 to 4 months the adults return
to the Gulf., Presumably the Louisiana harvest is made up of individuals
between 1 and 2 years old. The cycle of white shrimp is generally
slightly later than that of the brown, and it is apparently slightly
more resistant to environmental extremes such as low salinities.

Historical data on shrimp harvest for Louisiana are given
in Table 75. The industry has been a mature fishery since the 1920's.

Seasonal distribution of brown and white shrimp per
hydrelogic unit along coastal Louisiana are given in Figures 55 and
56. During spring and summer juveniles of the brown are prevalent,
and Barataria and Terrebonne bays have the greatest populations.
Juveniles of the white shrimp prevail during the winter and fall seasons
and appear to be more abundant in the Terrebonne Bay estuary and to the
west.

Production data for harvested commercial shrimp per
hydrologic unit along coastal Loulsiana are given in Table 76. Terre-
bonne Bay and Barataria Bay estuaries are the first- and second-ranked
areas for maximum harvest. In terms of production in pounds per acre,
Barataria Bay was first-ranked at 63.7 pounds and Terrebonne Bay was
second-ranked at 54.7 pounds. These are the prime shrimp production
areas for Louisiana. Over a 5-year period the Terrebonne arsa yielded
$4.5 million/yr, compared to $2.5 million/yr for Barataria.

Data for offshore harvest off Louisiana by offshore grid
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numbers are given in Table 77 (see Fig. 2 for code). Maximum offshore
yield occurs in offshore grid 15, which is west of the study area.
Grids 13 and 14 are offshore of Barataria and Terrebonne bays, respec-
tively. Offshcre Barataria (grid 13) is second-ranked in harvest and
economic yield, and offshore Terrebonne Bay (grid 14) is third- and
fourth-ranked in harvest and eccnomic yield, respectively. This shiftc
of maximum offshore harvest slightly to the west (i.e., offshore grid
15) may be a reflection of the prevailing westerly current.

Oyster (Crassostrea virginica) - Oysters generally flourish

in brackish waters having a range of salinities from about 10 °/.. to
30 °/oo. They are found intertidally in waters with depths of about
30 centimeters above mean low water to about 12 meters below mean low
water. Spawning occurs from early spring through October, and larvae
appear in the water from April through October. The spatfall or
larvae attachment occurs usually from 3 to 4 weeks after fertilization
and is dependent on suitable substrate-—in Louisiana, old oyster shells
provide this requirement. The spatfall is best on the east side of the
Mississippi Delta, but growth is best on the west side of the delta.
As a result, oyster fishermen usually move the spatfall from the east
side of the delta to the west. Both private and state-owned water
bottoms are used in Louisiana for oyster harvest.

Historical data for oyster harvest in Louisiana are given
in Table 78. The oyster industry has been well established in Louisi-

ana since the early 1900's.

The total number of oyster grounds in Louisiana for 1969
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by parish, seed ground reservations, 'red line" areas, and public reef
1s given in Table 79. Over 800,000 acres are committed for oyster
culture and harvest. More than three~quarters of this area lies east
of the Mississippi Delta and hence is removed from the present study
area.

Estimates of total oyster production by pounds of canned
oyster meat per acre of leased land per hydrologic unit are given in
Table 80. No oyster production occurs in the active Mississippi Delta,
undoubtedly as a result of too much fresh water. However, the Barataria
Bay estuary is the first-ranked production area and second only to Lake
Borgne in terms of oyster pounds produced per acre leased (357 lbs/
leased acre as compared to 539 lbs/leased acre for Lake Borgne and
vicinity. Oyster harvest data by private and public grounds are given
in Table 81. Maximum production in each occurs during the spring, and
private grounds produce more oysters than public grounds.

Blue Crab (Callinectes sapidus) - Blue crabs are apparently

common all year in all waters of Louisiana and can live in fresh water
or oceanic waters. Spawning may occur in offshore waters throughout the
year, and the larval forms migrate to the estuaries. After a residence
time of about 4 to 6 months, the individuals are mature and the cycle
is completed.
Historical data on blue crab harvest in Loulsiana are
given in Table 82. 1It has been a mature fishery for at least 30 years.
Juvenile blue crabs are apparently more abundant in

hydrologic units I, II, IV, and V, but Barataria Bay estuary is
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first-ranked in terms of pounds of production per acre, i.e., 7.9
1bs/acre. This value is approximately 3 times greater than those of
the other hydrologic umits (Table 83).

Inshore harvest data on hardshell blue crabs per hydrco-—
logic unit are given in Table B84A. The Barataria Bay estuary and units
east of the Mississippi have maximum harvest and dollar yield., Table 84B
gives similar data for soft-shelled individuals. Terrebonne Bay estuary
is the only unit with soft-shell harvest west of the Mississippi Delta.

Table 84C gives offshore harvest data on hard-shelled blue
crabs. Offshore grid 15, just west of the study area, has maximum har-
vest and economic yield. This juxtapositioning of the best offshore
harvest areas just west of the inshore best harvest areas may be a
reflection of the prevailing westerly current along the continental
shelf of Louisiana.

Croaker {Micropogen undulatus) - Historical harvest data

for the croaker are given in Table 85. Though this species has been
harvested since the early 1900's, some workers suggest that it is a
fishery not being fully used and one which could be exploited approxi-
mately 6 times the volume of its present harvest.

Data on the distribution and abundances of juvenile
croakers in Louisiana estuaries are given in Table 86. The largest
populations occur from Barataria Bay to the west. Abundances are
greatest during the spring and somewhat lower in the summer.

Harvest data on croakers per hydrologic unit along coastal
Louisiana are given in Table 87A, Harvest production is greatest west

of the present study area, in hydrologic unit VIII, along the chenier
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plains of the coast. Terrebonne and Barataria estuaries are second-
and third-ranked among the hydrologic units in terms of croacker
production per acre.

Inshere harvest data on croakers between 1963 and 1967
are given in Table 87B. Inshore harvest and economic yield are about
the same among hydrologic units I, 1I, IV, and V. Table 87C gives
data on harvest of croakers offshore of Louisiana. Maximum harvest and
dollar yield occur in offshore grid 13, just off the Terrebonne Estuary.

6. Miscellanecus Consumer Species

Seasonal estimates are given in Table 88 on waterfowl
common to southeast Louisiana. Winter and fall pcpulations are the
highest for all four types of waterfowl listed; the total estimated
population for both seasons is 4,542,000 birds, and the total during
spring and summer is 560,000 birds, or a difference by a factor of
approximately 9X. An important feature implied by these data is that
the marsh or coastal wetlands support a large population of migratory
species, none of which, apparently, overlaps any other to a significant
degreel

Data on the nutria and muskrat fur and meat industry of
Louisiana are given in Table 89. FEstimates are zlso given as to the
density of muskrats per 100 acres in each of the hydrologic units
considered in this study. Highest densities of 285 animals/100 acres
are found in the brackish marsh area of Terrebonne Parish. The total
dollar value of pelts and meat in the 1969-70 season was $6.8 x 106

and during the 1970-71 season was $5.2 x 106. Prior to the introduction

of the nutria into Louisiana during the 1940's, the muskrat was the only
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species of animals found in the coastal wetlands involved in the fur
and meat industry. In 1966, the peak production of nutria was 1.5
million animals, and muskrat prcducticn was dramatically reduced.
Since then, it appears, the muskrat and nutria have been reestablishing
a stable interspecific relatienship, though the harvest data of Table
89 indicate that nutria accounted for about 48% of the fur market and
86% of the meat market.

Alligator populations are apparently on the comeback in
Louisiana, though as a species they are still on the endangered list.
Table 90 gives population estimates in the general marsh zones, i.e.,
subdelta and active delta, part of which make up the study area. The
graatest populations are in the subdelta zore} about 42,000 alligators
are estimated to be on private lands and about 7,000 on public lands.
The total population of this animal in both marsh zones is estimated
to be approximately 63,360. It is believed that an oil spill per se
would not bother the alligator unless the oil were differentially
absorbed by their eggs, causing high mortalities. However, because
the alligator feeds mainly on blue crab, erawfish, muskrat, nutria, and
raccoon (all of which are quite dependent on marsh grass), the spill
might affect this species adversely in an indirect way by decimating its
prey or the younger forms of its prey.

7. Offshore Communities

Population estimates of major fishery species harvested
of fshore of Louisiana have already been discussed. More work is needed

on the benthic communities and on the distribution and abundance of
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larval and juvenile forms in the offshore arcas. Parker and Curray (1956)
classified three common macroorganisms of the central Gulf Coast in
terms of the number of species found in a given gradient of salinity.
His categories include gastropods, crustacea, and pelecypoda. The
greatest number of species, i.e., twenty-three, occurs in more saline
water (35 °/,. to 45 °/,,). There is a corresponding decrease in
species as the salinity is decreased. Table 91 gives the estimated
number of genera and species for five benthic forms common to the
central Gulf Coast. Pelecypods and gastropods predominate the
community species makeup (Table 91). More detailed data on various
offshore communities are given in Table 92, but still this represents
only a qualitative expression of part of the offshore communities.

The Gulf Coast Research Laboratory at Ocean Springs,
Mississippi, recently published results of an extensive survey on
nektonic and benthic forms carried out off Mississippi from 1967 through
May 1969 (Franks et al., 1972). Fifty invertebrate species and one
hundred twenty-three fish species made up the collection. Renilla
mulleri was the most abundant invertebrate, and the brown shrimp
(F. aztecus) was the second most abundant., The five most abundant

fish were the croaker (Micropogon undulatus), the longspine porgy

(Stenotomus caprinus), the butterfish (Poromotus tricanthus), the spot

(Leisotomus xanthurus), and the seatrout {(Cynoscion nebulosus). These

species accounted for 81% of the numerical catch. Commercially important
fish made up 93% of the total fish catch.

8. General Overview of Biological Units

Three major biological components of the Barataria Estuary
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of Louisiana are listed in Table 93. The first component is made up
of the most important physical factors, such as insolation, alr and
water temperatures, rainfall, water leﬁel, and river input. The
second component is made up of the primary producers, such as marsh
grass, phytoplankton, and epiphytic and benthic algae. The third
component is composed of the major consumer species, such as bacteria,
fungi, meiofauna, zocplankton, menhaden, shrimp, and birds. Also
given in Table 93, in an effort to summarize the previous sections on
biological units as succinctly as possible, are the gross seasonal
changes in each of these parameters or populations. This summary
approach may result at times in circular reasoning, and the reader is
forewarned to be cautious in this regard. These components operate
primarily in the estuaries of Loulsiana, such as Barataria Bay, but
the offshore area is an integral part of the system and is separated
only for convenience of presentation and because it has not been
studied as extensively as the marsh area.

An important feature mentioned in the caption of Table 93
but not emphasized is the fact that these components operate within
a unique geological and geographic context. Geologlical processes have
established a nutrient-rich environment, and because of the resulting
configuration these nutrients are probably continually being entrained
into the estuaries. The geographic context is the location at approxi-
mately 30° N latitude, which provides the area with abundant rainfall,
solar insclation, warm air and water temperatures, and a long growing

season. Most of the variables have a seasonal pulse or high--see,
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for example, insolation, air and water temperatures, primary production,
and all of the consumer species. Primary preduction is almost continuous
throughout the year; this is accomplished not by one group but by pro-
duction by one group followed by production by another group. Animal
production is somewhat continuous throughout the year by alternation of
groups of migratory species (i.e., shrimp, menhaden, birds, etc.).

The physical factors in Table 93 are primarily those
influencing the weather. Before manmade levees were constructed, the
rivers and bayous of Louisiana annually coverflowed their banks, thereby
adding water, nutrients, and sediments to the estuaries. The construc-
tion of levees, however, has eliminated this type of input, and now
rainfall and estuarine exchange are the principal means of input. It
is appropriate to note that the physical factors, particularly rainfall,
mean water level, river input, and winds show a pattern of complementing
and/or supplementing one another. For example, maximum rainfall occurs
during the summer, when tidal action and winds are reduced and river
input.is on the decline. The end result is presumably sufficient water

to "run" the system.

The important feature about the listing of the primary
producers is that primary production operates on four levels and by
means of a variety of species within each level. This type of system
ensures high, continucus, and stable production. For example, marsh
grass production is highest during spring, and phytoplankton production
is highest during summer. 1In addition, production by benthic algae is

high during fall and at a maximum during winter, the maximum occurring
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in conjunction with maximum production by epiphytic algae. Ancother
important feature, though not evident on Table 93, is that marsh
grass apparently provides the bulk of "surplus' production to the
consumer species (see Table 56 and Fig. 45). Also, the impact of
marsh grass production is not apparent until the following year, when
the dead grass is converted into detritus.

The pattern for major consumer gpecies as given in Table
93 is not so clear—cut because the datz are not complete., Nonetheless,
certain features seem important. First, there is always a high popu-
lation of bacteria and fungi--probably essential for the initial
conversion of the marsh grass to detritus. Second, the meiofauna
associated with the marsh area are highly clumped in their distribution,
most of them being located at the marsh edge-water interface. And,
finally, a variety of species make full use of the estuary by means of
their migratory habits. This presumably allows for maximum animal
production of a particular species at one time and maximum production
of another species at another. See, for example, the migratory
patterns of shrimp, menhaden, and birds. One example of this sequential
coupling is seen in menhaden production. During spring it is coupled
with high zooplankton productioen. According to June and Carlson (1971},
the early stages of menhaden show a preference for zooplanktonj later
(during summer) the larvae shift to a food preference of phytoplankton,
and summer is the time of maximum phytoplankton production.

F. Selected Cultural Aspects

1. Archeological Sites

There are at least twenty-one known archealogical sites
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in the study area, as shown in Figure 57. Sixteen of these are east
of Bayou Lafourche and surround Caminada and Barataria bays. Most
are beach deposits, shell mounds, and midden (Rangia sp.), as
described in Table 94.

The impact of a Superport and its activities on these
sites would be in terms of (1) ancillary developments of the Superport
being located on or near them, such as tank farms and pipelines, and
thus possibly damaging or destroying them and (2) possible cleanup
activities associated with an oil spill that might also damage the
sites.

2. People and Some of their Activities

The parishes {counties) of Louisiana are shown in Figure
58, and the readers are especially directed to the coastal parishes.
Estimates on populations in parishes in and bordering the coastal
wetlands of Louisiana are given in Table 95. Plaquemines, Jefferson,
Lafourche, and Terrebonne parishes are especially pertinent for the
requi?ements of this study. 1In 1960 the estimated population density
in each of these was 22.9, 510.0, 47.9, and 43.7 per square mile,
respectively. The estimate for Jefferson Parish is not representative
of other coastal parishes because part of this parish is contiguous
to the city of New Orleans. Nonetheless, the data illustrate that,
even though coastal Louisiana is not densely populated, all parishes
are showing a net increase in population. Additional data for projected
population growth through 1985 in the parishes of Louisiana are given

in Tables 96 and 97. Region 1, which includes the study area of this
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report, had the largest population increase in the entire state between
1960 and 1970, at 29.9%. Further, these data project that this area
will also have the largest population growth through 1985 (Table 96},
Table 97 gives the breakdown of these data by parishes within area 1.

This population increase undoubtedly means that additional
recreational demands will be made on the study area. Twenty-four
recreational activities enjoyed in the Louisiana area, especially region
1 of the study area for this report, are listed in Table 98. More than
392 of these activities are enjoyed outdoors, particularly in the
coastal wetlands. Data on user-days for areas 1A and 1B projected from
1970 to 1980 are also given in Table 98. For all activities, except
those marked with an asterisk, user-days in outdoor activities related
to the coastal wetlands will increase by about 25% from 29 x 106 user—
days in 1970 to 51 x 10° user-days in 1985.

G, Observed Effects of Previous Spills Off Louisiana

1. The Chevron and Shell Spills

Two major spills have occurred recently off the Louisiana
coast. The first spill was at a platform owned by Chevron 0il Company;
it started February 10 and lasted until March 31, 1970. The location
of this spill was east of the Mississippi River in the Main Pass 0il
Field and is shown on Figure 1 by CH. The second spill was at a
platform owned by Shell 0il Company; it started December 1, 1970, and
lasted until April 16, 1971. The location of this spill was approximately
7 miles (11 kilometers) south of Timbalier Bay and is shown on Figure

1 by SH.

The Chevron spill was monitored by a variety of federal,
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state, and private agencies. At least two reports on this spill were
published. One was prepared by Alpine Geophysical Associates, Inc.,
Norwood, New Jersey, for the Environmental Protection Agency (EPA)

in May 1971 under the title "0il Pollution Incident; Platform Charlie,
Main Pass 41 Field, Louisiana.'" The other report was published by
Murray et al. (1970) under the title "Oceanographic Observations and
Theoretical Analysis of 0il Slicks During the Chevron Spill, March
1970." The U. 5. Geological Survey (personal communication from CEQ,
1972) estimates that the total volume of oil spilled at and about the
Chevron platform was 30,500 barrels (about 4,200 metric tons).

The Shell spill was also monitored by a variety of
federal, state, and private agencies. At least two reports were
published on this spill. One was prepared by Resources Technology
Corporation, Houston, Texas (for the FPA), under the title "Fate and
Effect Studies of the Shell 0il Spili--December 1970." The other
report was prepared by Texas Instruments, Inc., Dallas, Texas, under
the title "Oceanographic and Remote-Sensing Survey" (a supplementary
report was also included)}. Estimates of the total volume of oil
spilled at and about the Shell platform range from 25,000 barrels,
made by Shell 0il Company, to a 53,000-barrel estimate by the U. S.
Geological Survey, and finally to a 90,000- tc 119,000-barrel estimate
by the EPA. These veolume estimates are equivalent to 3,500, 7,420,
12,600, and 16,660 metric tons, respectively.

The reports on the Chevron spill mainly document the

oceansgraphic ohservations made on the 0il slicks as a function of
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winds, surface currents, and tidal currents. In general, Murray
et al. (1870) found that the stress of the wind on the water's surface
was the most important factor in determining the behavior of the oil
slicks, especially when the winds were >15 mph (»>6.7 m/secy. Tidal
currents caused the oil slick to assume an L shape when the winds werc
<15 mph {(<6.7 m/sec), and their diurnal rotation helped to keep the
slick away from the shore. Freshwater input from the Mississippi River
also served as a barrier between the shore and the oil slicks by the
development of convergence lines between fresh and saline waters. The
width/length ratios of the oil slicks were found to be independent of
current speed. Muorray (1972) developed a model for prediction of gross
size and overall shape of the oil slick; it is based on Fickian diffu-—
sion equations. The geometry of the 0il slick is defined as a function
of current speed, horizontal eddy diffusion, the oil discharge rate,
and a boundary concentration determined empirically.

Apparently no significant biological damage resulted
from the Chevron Spill. No fish, bird, or other animal kills were
reported. No data are given on various marine populations surrounding
the platform., It is especially noteworthy that chemical dispersants
were used (i.e., 1,000 barrels of "Corexit' and 500 barreis of ''Cold
Crean"), despite the fact that studies on oil spills elsewhere docu-
ment the fact that dispersants are invariably more toxic than the oil
itself and probably should not be used (see rhe article by Mills and
Culley, 1970, as one example of the toxicity problem of dispersants}.

The reports on the Shell spill are more detailed than
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those on the Chevron spill in terms of data on marine populatioms in

and about the spill site. In general, slick orlentation was best
correlated with the near-surface current, the 10-foot (3-meter)

depth, and wind vectors. When the winds were out of the east, south-
east, and south the surface water and the oil slick showed a net
movement and set toward the northeast and north (Figs. 59 and 60).

Under these conditions, oil reached the beach just northeast of Bay
Champagne. When the winds changed to a set toward the west and south-
west, the surface movement and slick orientation were approximately 230°
to 240°, or toward the southwest (Fig. 61).

Biological sampling, though not definitive, was somewhat
mére detailed and intensive for the Shell spill than the Chevron spill.
Stations were occupled at approximately every mile, out to 7 miles,
from the platform along at least three transects. These transects
had sets of approximately south, north, and northwest. Within the
limited sampling program, the overall comclusion was that benthic and
fish populations about the platform had been stressed as a result of
exposure to petroleum hydrocarbons, but some recovery was apparent.
Data on hydrocarbon concentration in the sediments along each of the
transects are given in Figure 62. It also gives the composite
distribution of species in terms of simple diversity, mean diversity
per sample, crab catch data, and composite meiofaunal mean aleng each
transect out from the platform. The report states that a weak negative
correlation generally existed between the presence of high concentrations

of hydrocarbons in the sediments and low abundances of epifauna and
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infaunal species. This correlation should mean that areas having

high concentrations of hydrocarbons have low abundances of species

and individuals. Numerical data extracted from these figures are

given in Table 99, and they confirm the above correlation; but it

is not a strong relationship, probably because of considerable variance
resulting from sampling problems. The north transects for simple
diversity, mean diversity, crab data, and composite meiofaunal mean
consistently showed a negative correlationm with hydrocarbon contents

at -0.63, -0.13, -0.46, and -0.36, respectively. The south transects
had all positive relationships and had generally the lowest hydro-
carbon concentrations. The northwest transect had positive and negative
relationships. Limiting sampling to north, south, and northwest
transects may have been unfortunate because the orientation of the
glick near the platform, as shown in Figures 59, 60, and 61, appears

to be, depending on the wind, either toward the northeast sr the south-
west. Inasmuch as wind data takem from the oceanographic report on

the Shell spill (Table 100) show that January winds came mainly (65% of
the time) from the north, northeast, south, and southeast, it may be
logical to assume that transport would be predominant to the right of
the wind direction and hence o0il stress might predominate along an

axis rumning northeast to southwest. Thus it is 1likely that the
hydrocarbons would also take an overall distribution along a southwest-
northeast axis. It is possible that the particular transects used for
sampling may not have crossed or colncided as much as they could have

with areas affected by oil.
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In general, the Shell report concludes that the epifauna
and infauna decreased in numbers as the platform was approached,
particularly within the first 2 miles (Fig. 62). The average number
of benthic creatures was about l3,000/m2 within a l-mile radius, but
beyond the 2-mile radius the density of organisms went as high as
32,000 and &S,ODO/mZ. Grab samples also indicated a decrease in the
number of corganisms on apprcach to the platform (Fig. 62 and Table
99). A limited examination of the histology of fish gill filaments
(only 6 species) showed that some epithelial cells were being sloughed
off and that some gill tilaments were swollen, presumably as a result
of exposure to oil. The fish examined were collected along the north
and northwest transects. The invertebrate form, stomatopods, was
suggested to be an indicater of environmental cor oil stress because
no adult stages were taken within 4 miles of the platform. (The
adults are burrowing benthic creatures and the larvae are planktonic.)
The absence of adult stomatopods was taken as an indication that the
oll had settled into sediments and then probably was being transported
back and forth, recurrently, between the water surface and the
sediments.

The Shell spill was also monitored, toc a limited extent,
by state officials (Adkins, 1972). Their report concluded that there
were no differences in the plankton as a result of the spill; the
baseline data for this conclusion extended back 4 years, but they were
not included with the above repcrt. No dead organisms were reported

in the spill area, but some dead ducks were fouad in an oil slick on
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Isle Dernieres, which is located on the extreme southwest corner of
Terrebonne Bay, a considerable distance (about 30 miles or 48 kilo-
meters due west) from the spill area. These conclusions need to be
verified with more and better data than those attached to the report.
Yeast populations were monitored by Meyers (1971) during
the Shell spill. The succession of yeast species and their popu-
lations in oll-free waters and in oil-stressed waters for 13 weeks
after the spill is listed in Table 101. In cil-free waters, yeast
populatlions are relatively sparse, at concentrations of 0-10 cells per
100 millileters, and are made up predominantly of the species complex

Rhodotorula/Rhodosporidium, as well as Debaryomyces hansenii and

Candida parapsilosis. Shortly after 0il was introduced (about 2 weeks;

see Table 101), the former group underwent a bloom and their populations
increased to concentrations of >200 cells/100 ml. After 6 weeks, the
concentrations of yeast populations increased to >500 cells/100 ml,

but other species started to appear, e.g., Candida spp. and Trichosporomn
cutanum. After 13 weeks, the concentrations of yeast populations
returned to the baseline level of >10 cells/100 ml, but specles of the

Rhodotorula/Rhodosporidium complex were absent. Meyers {(ibid.) believes

that the latter and other speeies known as o0il-decomposing types dis-
appeared despite oil-enrichment because nutrients (probably nitrogen
and phosphate) became limiting. 0il decomposition presumably cannot
occur at a rapid rate without an adequate N/P substrate.

2. Other Studies on the Impact of 0il on Louisiana Estuaries and

Coastal Waters

Zobell and Prokop (1966) studied oil-oxidizing microbes
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in mud samples taken from Barataria Bay and found them in abundance
(see Table 102), possibly because this area is under chronic hydro-
carbon stress as a result of extensive development of the petroleum
industry. Mackin studied the effect of crude oil on a variety of
Louisiana marsh grasses (Table 103). The grass species included

salt grass (Distichlis spica), saltwort {(Bastis sp.), glass wort

(Salicornia begeloii), cordgrass (Spartina alterniflora), and young

mangroves (Avicennia sp.). The o1l was retained in 16 ft2 (1.7 m2)
pens (4 x 4 feet or 1.3 x 1.3 meters) with wooden bulkheads. Though
estimates of absolute concentrations are not given, it can be assumed
that there would be at least 4 inches (10 centimeters) of standing
water surrounding the base of the plants; this assumption implies
that the total volume of water in each pen would be approximately 25
gallons (114 liters). Thus for each dosing level given in Table 103
the equivalent absolute volume is estimated at 0.16%, 0.32%, 0.65%,
and 1.31%, respectively. Plant damage is first indicated at the 0.65%
concentration level. At the 1.31% level, 25% specimen mortality
occurred after 2 months, and only 10% of the plant specimens survived
after an exposure lasting 1 vear. These data strongly imply that
long~time exposure at relatively high concentrations is quite lethal
and that immediate and rapid cleanup in a spill area is therefore very
critical and essential.

Studies by Crow (1972} on yeast populations under oil
stress in the marshes of Barataria Bay show the same general species

succession as observed by Meyers (1971) offshore during the Shell spill.
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A series of plots of Spartina alterniflora were given monthly doses of

crude oll at approximately a 1% concentration. Yeast species from the

genera Pichia and Kenyveromyces usually predominate in the untreated

marsh plots. However, after treatment with crude oll, species with
known capabilities for decomposing oils assume dominancy; these species

were Pichia ohmeri, Trichosporon sp., and species from the Rhodotorula/

Rhodosporidium complex (Table 104). It is significant that the con-
centrations of yeast cells in the oil-treated plots were considerably
higher than those of the untreated plots (Fig. 63). For example,
during June and July oil populations were about 8 times greater than
in untreated plots. Thus yeasts of both water and sediments appear to
respond similarly to oil treatment in that species and numbers of the

Rhodotorula/Rhodosporidium complex Iincrease. TIrichosporon types did

not develop in the treated water samples as well as they did in
marshland sediments.

Extensive studies on Louisiana oysters in relation to
the oil industry were made under Projects 9 and 23, starting in 1947
and continuing into the 1960's (Mackin and Hopkins, 1961). The general
conclusion was that the oil operations were not responsible for wide-
spread mortalities but that more likely the causal agent was a fungus

called Dermoceptidium marinum. Lund (1957) studied the effect of

crude 01l on Loulslana oysters and found that there was no apparent
effect on the oyster's ability to clear suspended material from the

water it pumps through its system.

Toxicity studies (Mills and Culley, 1970) on four species
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marine shrimp, including both brown shrimp (Penaeus aztecus) and white

shrimp (P. setiferus), were made. Static bicassays were employed using
four types of crude oils (Table 105). Tests lasted over a 48-hour
period, and wmortalities were recorded as a function of time and con-
centration. The results are given in Table 106. It was found that the
oil dispersants were more toxic than the crude oil. The oil type

G-4-D was the most toxic and had a gas-oil fraction of 407%, the highest
value of all the four crudes used (see Table 105). Median lethal
concentration at 48 hours (48 hr LCSO) for Penaeus shrimp ranged from

1 to 40 ppt (0.1% to 4%). Concentrations from 7.5 to 75 ppt (0.75%

to 7.5%) caused 100% mortalities. Mixtures of crude oil and emulsi-
flers were considerably more toxic than either the crude oil or the
dispersant by itself. WNo correlation was apparent between shrimp
mortality and the sulfur content of the crude oils.

Qualitative toxicity data using the common guppy (Lebistes
reticulatus), crude cils, olls innoculated with yeast, and dispersants
were collected by Ahearn et al. (1971). Louisiana c¢rude was lethal at
a szconcentration within 24 hours, whereas the high-asphalt Missisg-
sippi crude had no adverse effect at 4% V/V on guppies over a 30~day
period. The dispersant (same type used in several oil spills on the
coast) killed the guppies within 8 hours. The addition of fungal
culture did not apparently affect the test fish.

Though not a research task of this report, it is perti-
nent to add that the oil industry has other environmental effects

besides causing o0il stress on various populations. A major stress is
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the disruption and changes in the natural drainage of the marshes

a resulting from channels and pipelines dug expressly for oil
exploration and production (see Fig. 64 as an example). Gagliano
and Day (1972) estimate that approximately 35% (5.8 miZ/yr or about
1,500 hectares) of all land losses in coastal Louisiana result from
dredging activities--much of which are due to the petroleum industry.
They further estimate that at least 10% (800,000 acres or 324,000
hectares) of the total coastal land of Louisiana will eventually

be modified by petroleum-related activirties.
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IV. DRIFT PREDICTIONS FOR OIL SPILLS

A. Surface Circulation Based on Hansen's Model

1. Description of Hansen's Model

Reproduction of the surface currents in the study area
was done by means of the Hansen model or the Hydrodynamical Numerical
model (HN) (Laevastu and Rabe, 1972; Laevastu, 1972; Larsen and
Laevastu, 1972), a single-layer model that can be used for describing
the surface circulation of semienclosed bays, estuaries, or coastal
areas having three open boundaries. The study area satisfies the
third condition. Laevastu and Rabe (ibid.) provided the model with
transport and diffusion equations so that the distribution of pollutants,
such as oil, could be computed. The model is based on vertical inte-~
gration of the equations for motion and for continuity. The input
data were (1) tides typical of the Louisiana area of the Gulf (taken
from Marmer, 1954), (2) bathymetry, as shown in Figure 10 (taken from
Coast Guard maps for the Lousiana coast), (3) Coriolis parameters of
0.73 x 107, (4) a smoothing parameter, alpha, of 0.980, (5) a wind
vector per run typical for the study area and/or seasonal wind changes,
and (6) a Austauche Coefficient of 0.25 x 105, as determined by the
grid size and time steps used., The grid size and number used are
shown in Figure 65; each grid is equivalent to an area of 29.6 km2
(11.4 miz). The computer program for this model makes rather extensive
demands for machine time because it must usually be run about 5 to 10
hours real time (5 to 10 minutes machine time) in order that equilib-

rium be established and correct outputs be obtained. All data outputs
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were taken after 5 hours real time. Equilibrium was verified by
plotting water Height for any particular grid as a function of time
and checking to see if the tidal cycle showed any variations. Figure
66 gives water levels over a 30-hour period; variations appear to be
very small from any one part of the tidal cycle to 1its counterpart

at a later time.

The schedule of this project did not allow for testing
beyond 30 hours real time; additional testing is needed for more
adequate verification of the program's stability under the given
Louisiana conditions. Also, the HN model was not modified so that
permanent currents, simultaneous wind fields, and river input could
be incorporated into the final surface current projections. We
attempted this modification, but some of our output data became un-
realistic, and on the advice of Laevastu (October 1972, persomal
communication) these changes werTe postponed.

2. Surface Circulation in Study Area Based omn Hansen's Model

Current vectors in the study area for each of four times
during one tidal cycle, 1l.e., low tide at 13 hours (46,800 seconds),
at 17 hours (61,200 seconds), at 20 hours (72,000 seconds), and at
22 hours (79,200 seconds), and high tide at 26 hours (93,600 seconds)
are given in Figure 67. The wind vector used during these analyses
is toward 280° at 7 m/sec. This wind vector was taken from the data
of Scruton, as given in Tables 17 and 18. The resultant wind direction
for an area 1° square off Grand Isle, Louisiana, according to Scruton's

data, is toward 280°. The speed 7 m/sec was derived from the data of
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Glenn, given in Table 108, which shows that 48% of the winds on an
annual basis are between 10 and 19 mph, and so 15 mph was chosen as
a "mean" or representative wind speed. Table 107 gives numerical
data for each current vector per grid in terms of direction (° north)
and speed (cm/sec).

Current vectors at 13 hours (46,800 seconds) show a net
movement to the north and north-northeast, toward the shore, as would
be expected during low tide (Fig. 67A). Strong currents (50 to 60
cm/sec) are evident near the shore or near the landward boundary
(Table 107A); this may be a boundary problem not adequately treated
by the program, and so a certain amount of reserve is necessary in
extrapolating from the grids next tc the shoreline.

Current vectors at 17 hours (61,200 seconds) are mainly
toward the east (Fig. 67B), and the resultant direction is approxi-
mately northeast (45°). Offshore currents are greater than those of
low tide (cf Tables 107A and 107B). The currents in the grids near
the shore are scmewhat reduced but are still strong and still setting
in the same general direction (to the east along the shore).

Current vectors at 20 hours (72,000 seconds) shift more
to the east than those of 17 hours (Fig. 67C). This projection is
approximately at mid-tide, between high and low tide, and the currents
in the grids closest to the shore show a substantial decrease in speed
(Table 107C), reduced to <20 cm/sec.

Current vectors at 22 hours (79,200 seconds) show a net

movement more to the east (toward 90°) and some to the east by south
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{about 100°) when compared to 20 hours (cf Figs. 67C and 67D). Speeds
are generally reduced, though currents clese to the shore show a
gslight increase over those of 20 hours (Table 107GC).

Current vectors at 26 hours (93,600 seconds) show a net
movement away from shore to the south (180°); some move to the southwest
(about 225°). Current directions near site 1 (grid 14, 17) are toward
218°; in the same general area some currents set toward the southwest
(218° to 263°), and some set to west by south. Current speeds in the
grids clesest to shore are again well developed and strong (up to 75
cm/fsec).

B. Casualty 011 Spills

1. Study Conditions

The Hansen model was used to predict the distribution of
oil at the two casualty sites, i.e., C1 and C2 (Fig. 1). This model is
briefly described in a previous section (IV A). The dispersion of oil
units per grid per unit time; this means that the cumulative sum of oil
units is more than the total of the original spill, and so the projec-—
tions of distributions and abundances must be viewed with some caution
until a more detailed computer program can be developed. However, it
is believed that, as order of magnitude estimates, the projections are
probably reasonable and valid.

Four wind conditions were used: (1) winds coming out of
the northeast or blowing toward 225° at 7 m/sec, (2) winds coming out
of the east or blowing toward 280° at 7 m/sec, (3) winds coming out of

the southeast or blowing toward 315° at 7m/sec, and (4) winds coming
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out of the south or blowing toward 360° at 7 m/sec. It is assumed
that these winds reflect average or prevailing conditions in the study
area (see III C). Table 108 summarizes the study conditioms for oil
spills projections. No permanent currents or river inputs were used
in these preliminary analyses. This should be done, at a later time,
in order te reflect more accurately total drift conditions. Initial
studies with permanent currents and river inputs provide the circu-
lation with a more northerly set above or north of site 1 and a more
westerly set near and about site 2. However, these additions cannot
be used until the computer program is developed and refined for such
inputs.

Two types of casualty spills were assumed (see II B),
i.e., a 500-ton spill and a 30,000-ton spill, both with a release
time of 2 hours. The o0il was not spilled until the model had operated
for 5 hours real time (5 minutes computer time) in order to satisfy
the equilibrium requirement.

2. Northeast Winds

0il spill distribution under northeast winds blowing
toward 225° at 7 m/sec. is given in Figures 68, 69, and 70. The
distribution of a 30,000-ton spill at Cl through 20 hours real time is
given in Figure 68. TFigure 68A shows the distribution of the oil at
7 hours (2 hours after the start of spill). The oil spill has developed
a strong east-west axis, Figure 68B shows the distribution of the oil
at 15 hours (10 hours after the start of the spill)., The east-west axis

is still evident, though some discontinuities are present, and the oil
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is shifting more to the east and to the south. The general drift
of the oil is to the south and along an east-west axis. Also, a
small amount of oil has moved to the north.

Figure 69 shows the distribution of a 500-ton splll at
C2 through 10 hours of real time. Winds are, as before, blowing
toward 225° at 7 m/sec. After 10 hours (5 hours after the start of
the spill) the oil has taken an east-west orientation, and some drift
is evident to the south. O0il drift is slightly more to the west than
to the east.

Figure 70 shows the distribution of a 30,000-ton spill
at C1 through 10 hours real time (5 hours after the start of the spill).
Figure 70A shows the oil distribution after 7 hours. The spill is
oriented west to east and slightly more to the west tham to the east.
After 10 hours (Fig. 70B), the spill still has a west to east orien-
tation, but some drift to the south has occurred. The grids due west
of Cl’ just off Timbalier Bay, show some presence of oil. It is likely
that some oil would enter this estuary if further projections were
made.

On the basis of northeast winds, C1 and/or S1 appear to be
"petter" locations because the general surface drift does not carry the
oil near the estuaries. All the cil spills at C1 and 02 have an axis
in an east-west direction and some general drift toward the south.

3. East Winds

Figures 71, 72, and 73 show oil spill distribution under

easterly winds blowing toward 280° at 7 m/sec. Figure 71 shows the
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distribution of a 30,000-ton spill at C1 through a 20-hour time
periocd. Figure 71A shows the oil spill after 7 hours (2 hours after
the start of the spill). The orientation of the spill is along an
east-west axis and slightly to the west, and some drift 1is evident
toward the north. Figure 71B shows the c¢il after 10 hours; the east-
west axis is still evident, but the drift is no longer to the north.
Figure 71C, showing the oil distribution after 15 hours (10 hours
after the srart of the spill), indicates that the general orientation
of the spill is still along an east-west axis, but there is some
extension toward the east. The northward movement evident during the
initial stages is no longer apparent. Figure 71D shows the o0il after
20 hours (15 hours after the start of the spill). The oll distri-
bution is now more to the east than before, but the east-west orien-
tation is still strongly developed.

Figure 72 shows the distribution of a 500-ton spill
through a 30-hour (real time} period. Figure 72A shows the distri-
bution- after 10 hours (5 hours after the start of the spill). The
general orientation of the spill is along an east-west axis, and there
is some drift toward the nertheast. Figure 72B shows that the oil
distribution after 15 hours is still along an east-west axis. Figure
72C indicates the o0il distribution after 25 hours. The oil has now
shifted more to the east, and some drift is evident toward the north.
Figure 72D shows the o0il distribution after 30 hours (25 hours after
the start of the spill). The net drift is now predominantly to the

east and northeast.
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Figure 73 shows the distribution of a 30,000-ton spill
at C2 under easterly winds through 30 hours. Figure 73A shows the
0il distribution after 10 hours. An east-west axis has developed,
and there is shift more to the west than to the east. Figure 73B
shows the o0il distribution after 15 hours. A strong east-west axis
has developed and there is some drift toward the northwest. Figure
73C, which shows the oil distribution after 25 hours, indicates that
a shift to the east and northeast has occurred, but the east-west axis

is still present. After 30 hours (Fig. 71D} the entire area nerth of

C. is covered by oil. It is highly probably the oil would enter all

2
estuaries under these conditions.

Under easterly winds C; and/or 8, appear to be the
"better'" location. The oil spills have a general orientation along

an east—west axis and a slightly stronger easterly component.

4, Southeast Winds

Figures 74, 75, 76, and 77 show oil distribution under
southeast winds blowing toward 315° at 7 m/sec. Figure 74 shows the
oil distribution of a 500-ton spill at Cl through a 20-hour period.
Figure 74A shows the oil distribution after 7 hours (2 hours after
the start of the spill). An east-west axis has developed, slightly
stronger to the west, but some movement toward the southwest is also
evident. After 10 hours (Fig. 74B) a westerly to southwesterly movement
is indicated. Figure 74C shows that after 15 hours the same pattern is
evident, i.e., to the west and southwest. Figure 74D shows the oil
distribution after 20 hours (15 hours after the start of the spill).

Generally the east-west axis is still evident, and there is some drift
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toward the southwest but also some to the northeast.
Figure 75 shows the oil distribution of a 30,000-ton

epill at C. through a 20-hour period. The general pattern is the same

1
as for the previvus 500-ton spill. However, after 20 hours (Fig. 75D)

a drift toward the east is more evident with this larger spill. Figure
75A shows the oil distribution after 7 hours. The oil is oriented
alohg an east-west axis but more to the west. Some drift 1s evident
to the southwest. Figure 75B shows that after 10 hours the westerly
and southwesterly drift is wmore strongly evident. Figure 75C shows
the olil distribution after 15 hours. An east-west axis is still
developed, and there 1s some drift to the southwest. Figure 75D shows
the oil distribution after 20 hours (15 hours after the start of the
spill). The most apparent change is from a west to southwest drift
to one toward more to the east.

Figure 76 shows oil distribution of a 500-ton spill at
C2 through 20 hours. After 7 hours (Fig. 76A) an ecast-west axis
begins to develop, and net movement is stronger to the west. Figure
76B shows the oil distribution after 10 hours. Movement is toward
the west, and there is some drift toward the south and southwest.
Figure 76C shows the oil distribution after 15 hours. Movement is
toward the west and to the southwest. Some 0il is evident north toward
the shore in grids (6, 13 and 7, 14), just off the mouth of Bayou
Lafourche. The oil distribution after 20 hours (15 hours after the

start of the spill) (Fig. 76D) is still along am east-west axis, but

there is some drift to the south. The westerly end of the spill is
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now close to the Timbalier Bay area.

Figure 77 shows the oil distribution of a 30,000-ton

spill at C, through a 20-hour period. Figure 77A shows the oil

2
distribution after 7 hours. HNet movement is toward the west and
northwest. Figure 77B shows the oil distribution after 10 hours.
Drift is toward the west and southwest. After 15 hours (Fig. 77C)

the westerly movement is more strongly developed and some grids close
to the shore are accumulating oil. Figure 77D, showing the oil
distribution after 20 hours, indicates general movement still to the
west and southwest. The more northerly grids now have oil, suggesting
that some oil will intrude into the Timbalier Bay estuary. An easter-
ly movement is also now apparent.

and/or S, is the '"better”

Under southeast winds C 1

1
location inasmuch as the net movement of oil spills is sufficiently
removed so as not to intrude into the estuaries.

5. South Winds

Figures 78A and 78B show oil spill distribution under

south winds blowing toward 360° at 7 m/sec. Figure 78A shows the oil
distribution of a 30,000-ton spill at Cl after 20 hours (15 hours after
the start of the spill). The spill has an east-west orientation, and
some 0il is moving slightly to the northwest. Figure 78B shews the
oil distribution of a 30,000-ton spill at 02 after 20 hours. The spill
has an east-west orientation but is situated slightly more to the west.

Some 01l movement is indicated to the northwest, and the grids closest

to Timbalier Bay have some o0il present.
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Under south winds, locations C1 and/or Sl appear to be

more favorable than C2 and/or 52.

6. Summary of 0il Drift Studies

Under the four wind conditions, i.e., out of the northeast,
east, southeast, and south, the ecil spill is at the two sites roughly
assumes, in all cases, an east—-west orientation. Cl and/or S1 appears
to be the "best" location since the prevailing currents, winds, and
bathymetry apparently keep the o0il away from the shore and hence
Louisiana estuaries. The circulation pattern at 02 and/or 52 appears
to have a net movement toward the northeast and east. The resulting
oill spill distributions in this area suggest that the oil is entrained
there. This may be an expression of a combination of factors, such as
the bathymetry, tidal currents, and land topography. The latter is
suggested by the fact that a small crescent area or embayment exists
between Timbalier Bay and Southwest Pass.

Table 109 gives monthly wind vectors offshore of Grand
Isle, Louisiana. Alsc given are time estimates for an oil spill to
reach shore assuming transport at 3.7% of the wind speed and that
transport would be in the direction of the wind. Projections of oil
spill by means of Hansen's model, given in Figures 69 through 77,
were carried out for <30 hours (real time). The reason for this
limitation was because this program demands a fair amount of computer
time and because of the overall schedule limitations of the project
itself. Nonetheless, there is one major discrepancy between Table 109
and Figures 69 through 77: the amount of time for the o0il to reach the

shore. Crude wind data in Table 109 suggest that during 6 menths of
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the year winds come from a beaching direction and hence would provide

a more favorable condition if an oil spill were to occur. However,

the amount of time required for beaching, using wind drift and direction,
ranges from 3 to 20 days. Figures 69 through 70 are based on grids
having an area of 29.5 km2 (11.4 miz)——a large area, and so the presence
of oil in the grids closest to the shore does not necessarily mean oil
will hit the beach or that it will intrude into the estuaries.
Nenetheless, 0il does reach some of the grids closest to shore in <30
hours, and so it is probable that with the model beaching time is
reached sooner than with wind drift projection only, as given in Table
109. Because the Hansen model has projected offshore curreﬁts that
roughly duplicate the hydrography of the area, it is assumed that its
oil drift projections will be more accurate than those based on wind
drift.

C. Chronic 0il Spills

Section L1 B gives the hypothetical operational spills
that might be expected to occur at a Superport. We did not analyze
any of these spills with the Hansen model. However, Table 110 (from
Ichiye, 1972) gives estimates on the area visible for spills ranging
from 1.2 bbl/day to 8.5 bbl/day. The resulting plumes vary from 600
merers wide and 0.5 kilometer long at 1.2 bbl/day to 4,000 meters

wide and 24 kilometers long at 8.5 bbl/day.
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V. PREDICTED EFFECTS OF OIL SPILLS

A. Estuarine Effects

1. Marsh Grass

The most significant effect that an oil spill could have
in the Louisiana area is damage to or alteration of marsh grass
production. Though it has been established that there are at least
four levels of primary production in the Louisiana marshes, by and
large the most significant producer is the marsh grass (Table 48).
Marsh grass produces at least 16 times more thap any of the other
producers; about 50% of the net yield (in the form of detritus) is
used by consumers within the estuaries, and about 507 is exported to
the offshore area (Fig. 45) and presumably consumed there by the
major fishery species (i.e., menhaden and shrimp).

The effects of oil on marsh grass can vary from no
damage to extensive damage to the root system and hence death of the
plant. The most serious effect would, of course, be the death of the
root system. Patrick (1972, unpublished data) has found, for example,

that the root system of Spartina alterniflora is quite extensive, its

rootitop dry weight ratio being approximately 12:1. In addition, Crow

(1972, unpublished data) has found that regrowth of §, alternifiora
does not occur when the plant is dosed monthly with a 1% concentration
of crude oil. Death of the root system would also undoubtedly acceler-
ate lénd loss inasmuch as the above data on the rootitop ratlo suggest
that the landholding capacity of this marsh plant is large and

important., 01l exposure could damage the top of the marsh grasses by
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direct exposure or by killing the flowering parts, but this type of
damage is considered less serious than if the entire plant were killed
because propagation can and does occur from the root system.

2. Microbial Populations

Meyers (1971) and Crow (1972) have shown that yeast
populations change in specles composition and in absolute numbers when
exposed to oil. They also found that the initial population "explosion”
becomes significantly reduced after several weeks, presumably because
of nutrient (nitrogen and/or phosphorus) depletion. It is unknown
whether the alteration of species and numbers would have a significant
impact on the initial formation of detritus from the dead marsh grass.
In view of this uncertainty, the wisest course 1s to assume that the
effect would be adverse. And, indeed, the effect would be adverse if
.sufficient detritus were not formed inasmuch as fishery production
(i.e., menhaden and shrimp) would undoubtedly show a reduction during
the following vear.

0il would tend to be entrained into the back sections of
the dendritic or branching flow channels through the marsh grass (see
Fig. 79) and also into the more northerly sections of the estuary.
Because production of detritus is initiated in this area from the dead
marsh grass, the effect could be significant during the next vear's
fishery harvest.

3. Other Primary Producers

Epiphytic algae are highly clumped about the bottom portioms

of the stems of marsh grasses, and it is therefore likely that their
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populations would be severely reduced by exposure to oil. Simi-
larily, benthic algae would be reduced by sinking oil. It is
impossible to predict where and when this effect would be manifested,
but again the comservative approach would be prudent--that is,

assume damage would occur and that its effects would pass throughout

the food web.

4. Marsh Edge-Water Interface

Figure 79 shows the general features of the Louislana
estuarine and offshore systems. The marsh edge-water interface is
illustrated in detail by means of a "blow-up" picture. Day et al.
{1972) and Bemnett (1972) have shown that at least B0% of the marsh
fauna biomass is located within 50 meters of this interface, and
probably most of this is almost directly contiguous to the interface
area. The reader is also directed to the marsh picture between the
two levees of Figure 7%9. The important feature in this illustration
is that the marsh has a dendritic or branch—-like flow pattern, and
any intruding oil would extend first into this main series of
distributaries and hence suffocation and toxic effects would likely
be imposed on the fauna of the interface area.

5. Nutriemnt Cycle

Estuarine sediments in Loulsiana have two major zones: the
top, thin, aerobic layer and the bottom, thick, anaerobic {(reducing)
layer. The presence and/or absence of the aeroblc layer is apparently
a seasonal phenomenon and important in the nutrient cycling of the

marsh (Hutchinson, 1957). If oil were to intrude on extemsive mud areas
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of the marsh, it is likely that it would create a high biolegical
oxygen demand and would cause anaerobic conditions to persist for
some time. This may mean that phosphate, an essential nutrient,
would be leached and lost from the estuarine system, thereby causing
aberrations to the primary production cycle during later seasons or
years. Of the two types of crude oils described in Section II B,
type A may have a more severe effects on the nutrient cycles because
it has a higher proportion of heavier distillates and residuum and
hence more of it is 1ikely to sink to the bottom.

6, Fishery Species

The effect of oil on fishery species within the estuaries
could be either indirect, by the elimination of their food sources
(detritus and/or marsh fauna), or direct, as a result of suffocation
and toxic effects. It is likely that, of the two crude oils described
in Section II B, type B would be more toxic, at least initially (for
about the first 24 hours), because 1t has a higher proportion of lighter
fractions such as gasolines.

The impact of an oil spill on fishery species might be
more severe in the open bays and tidal passes because fish are mobile
and would likely move away from the marsh edge-water interface if oil
intruded. Because the tidal passes (see Fig. 79) are important
migratory routes for various aquatic larval forms, they are also areas
of considerable vulnerability.

B. Shoreline Effects

The shoreline communities of Louisiana have not been
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studled adequately. It is assumed, because of the small amount of
Gulf shoreline present in Louisiana, that the impact of oil on the
shores would be negligible compared to potential estuarine damage.
Perhaps the most dangerous potenﬁial effect 1s that oil might tend
to move parallel to the shore in response to the littoral currents.
Truesdale (1972, unpublished data) believes that the larval forms of
the major fishery species also move along with the littoral currents
(see Fig. 79) in an effort to find tidal passes into the estuaries.
Planktonic forms such as these would be especially susceptible to
suffocation and toxic effects from intruding oil.

C. OQffshore Effects

Figure 79 shows the major components of the offshore
water column. Phytoplankters and zooplankters in the immediate area
of the oil plume (casualty or chronic) would undoubtedly be destroyed
or greatly reduced. It is possible to assume that the net effect is
not esignificant because these species have a short generation time,

The impact of oil, however, could be more severe on
suspended materials (such as detritus) which would tend to accumulate
0il and possibly sink. If this effect were on a sufficiently large
scale, the impact would be immediate to the fishery species inasmuch
as detritus is produced mainly during the spring of the year and its
origin and formation are quite different from that of phytoplankton
and zooplankton.

Benthic creatures directly below the oil plume would

undoubtedly be destroyed or greatly reduced. If this effect were
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persistent (such as with chronic spills), it could result in extensive
areas of reduced benthos. In addition, the sediments might act as a
reservoir for the hydrocarbons and thereby release them periodically
and reenforce the persistence of chronic or operational spills.

Nekton species offshore would be affected as in the
estuarine bays, either by suffocation or toxicicity. Because many of
the fishery species are of a schooling type (such as menhaden), this
effect could be significant, but it is believed that the size of the
offshore area is sufficiently large to mitigate this damage. However,
the detailed locations of spawning grounds and/or waters of the major
fishery species offshore of Louisiana are unknown, and if the Superport
and its operation were located in a prime area for spawning the overall
effect could be quite significant.

D. Summary of Predicted Effects

Figure 79 illustrates the important features of Loulsiana.
The estuaries are considered to be most vulnerable to Superport oper-—
ations. The major reason for this is because they are the most productive
per unit and because they serve as habitats or nurseries for various
stages of the major fishery species.

In addition, any oil spill intruding into an estuarine
area would tend to accumulate in (1) the marsh edge-water interface,
the exact location of the majority of the marsh fauna, and {2) the upper
areas of the marsh grass, or toward the "ands" of the dendrite flow
channels, where the dead marsh grass (future detritus) also tends to

accumulate. Movement of the oil through the tidal passes would also
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tend te concentrate it in the prime migratory routes of the major
fishery species.

Shoreline effects would probably be minimal unless the oll
tended to accumulate in thbse areas having a littoral current. The
littoral currents are apparently used by migratory species to find an
entrance into the estuaries.

Potential adverse effects to the offshore are considered
to be less important than those to the estuarine areas. However, the
lecations of spawning and/or feeding grounds need to be known in order
to keep the effects minimal. Chronic or operational spills will tend
to create permanently stressed areas. The extent of these areas needs

to be quantified so that compensational techniques can be designed.
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VI. RECOMMENDATIONS

Tentatively, locatioms Cl and/or Sl’ farther from the shore,
will have less environmental impact on the estuaries of Louisiana
than the closer sites C2 and/or 52. Other likely areas may exist

between S, and S but detailed analyses on oil drift projections

1 2’
must be done to verify this. The basis for this recommendation
is that the surface currents near and about Cl and/or Sl set up
surface drift conditions away from the estuaries.
If a Superport is established along the Loulsiana coast, then only
one such port operation should be allowed in order to ensure that
adequate envirommental controls are meaningfully financed and
established.
Cleanup procedures analogous to those rsed by eivil defense or
hurricane protection should be established. The important features
to incorporate in these procedures are immediate containment and
rapid cleanup.
Protective measures should be taken along all the tidal passes of
the port area. Such measures should be designed so as to prgvent
0il from entering the estuaries but yet not disTupt these migratory
areas by construction or during nonemergency times.
Strict and meaningful navigational controls should be established
for all vessels using the facility and for operation of the facility.
Shore development ancillary to Superport operations should be

carefully monitored and controlled so as to minimize the impact

to the estuaries.
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Immedjate research 1s needed in the following areas:

a.

Field investigations on the detailed hydrography and meteor-
clogy of the Superport area.

Toxiclty studies on the effects of various crude oils and
their concentrations on planktonic forms of the major fishery
species.

Establishment and detalling of the location of the primary
spawning waters and/or grounds for the major fishery species.
Formulation and refinement of oil drift wmodels so that
effective and accurate projections under all types of condi-
tions can be made.

Additional studies on the effects of oil on marsh grass and

microbes.
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Figure 3.

Chronology of the deltas that comprise the Mississippi
River deltaic plain (from Kelb and Van Lopik, 1958}.
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Figure 4. Sequence of development of deltaic facies (from Frasier,
1967).
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Figure 11. X-ray diffraction diagrams for clay minerals separated
from Barataria Bay (B.B.) and Lake Laurier (L.L.}
sediments {(from Ho, 1971}.
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Seasonal changes in organic-C content in sediments (from
Ho, 1971). See Figure 12 for geographic locations of
stations.
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Figure 13B. Seasonal changes in total-N content in sediments (from

Ho, 1971). See Figure 12 for geographic locations of
stations.
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See Figure 12 for geographic location
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Figure 17B. Seasonal changes in nitrate and nitrite forms of
nitrogen in Barataria Bay subarea waters (from Ho,

1971). See Figure 12 for geographic locations of
stations.
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Figure 21.

600
500)
400
300

200
100

Insolation gr. cal/cm?/day

] FM A MIJ J A SOND
215 280 380 420 505 510 480 475 420 380 300 210

o
o o
=g

00

00.
100)

N W R
o
bl

Insolation gr. cal/cm?/day

*w § § F
235 435 488 367

Annual variatiom in insolation along the Louisiana coast
(adapted from Day et al., 1972). Winter is December,
January, and February. Spring is March, April, and May.
Summer is June, July, and August. Fall is September,

October, and November.

115



unadhlad

Figure 22. FEarliest and latest tropical cyclone occurrences for the
period 1886-1970. Numbers within boxes are the month and
date of earliest and latest landfalls for the indicated
coastal segment (from Simpson and Lawrence, 1971). Texas
areas, >-06; Louisiana areas, 11-12; Delaware areas, 46-47;
New Jersey areas, 50-51; and Maine arezs, 58,
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This histogram and table shows the probability (percentage)

that o trgpical storm, hurricane, or great hurricane will occur in
any one year ina 50 mile segment of the coast line.

20-? %Z 7
7
- -1 75/ g/
2 3'.3:i7/ . //)///
s ?2 v g%gz
2 0
z g\
2 é -
2 % axa
Coastal secior t]2]3 2829
Al tropice!l cyclones |9 T2l 24 ap2o] ali 2[13]18] 211 5]1 3] 21 168200201
All hurriconss ARBODRRARCE L IELD 1214115
Graat hurricanes apnnnonnaEannaE s5f717

Figure 23A. Cyclone probabilities for coastal sector along Gulf and
Atlantic Seaboard (from Simpson and Lawrence, 1971). See
Figure 22 for geographic locations of each coastal sector.
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Figure 23B.

Cyclone probabilities for coasral sector along Gulf
and Atlantic Seaboard (from Simpson and Lawrence,
1971). See Figure 22 for geographic locations of
each coastal sector.
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APPENDIX

Coastline Segment Locatlons

The following latitude/longitude combinations comprise a list of

the left endpoints of the coastline segments as referenced from an ofi-

shore viewing position and as illustrated in Fig. la. The right end-

point of any segment is the left endpoint of the next higher~numbered

segment. There are two exceptions: segment no. 25 in extreme southern

Florida; and segment no. 58, the northernmost segment. The right end-

points for the exceptions are indicated in the listings below.

Also, the cities identified below are only for the reader's con—

venience as points of reference.

Coastline Segment Locations

Coastline
Segment No. Left Endpoint
Lat. Long.
1 25.95 97.15 (Brownsville)
2 26.75 97.35
3 27.57 97.22
4 28,23 96.62
5 28.67 95,80
6 29.13 95.02 (Galveston)
7 29,60 94,25
8 29.77 93.30
9 29.52 92.37
10 29.32 91.43
11 29.07 90.52 (New Orleans)
12 28.98 89,15
13 30.20 88.93
14 30,22 87.97
15 . 30.35 87.02

Figure 23C. Appendix of location for Figures 23A and 23B.
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Coastline

Segment No.

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
43
46
47
48
49
50
51
52
53
54
33
56
57
58

Figure 23D.

APPENDIX {(con't)

Left Endpoint

Lat.

30.
29,
29.
29.
29,
27.
27.
26,
25.
25.
24,
24,
23.
26.
27,
W73
28.
29,
30.
30.
31.
32,
32.
33.
33.
34,
34.
35.
36.
36.
37.
38.
39.
39,
40,
40.
41.
41,
42.
42,
43.
43,
44,

27

28
68
88
70
08
23
42
67
97
12
53
77
32
13
00

55
27
03
50
68
33
83
48
77
43
60
23
05
85
63
35
15
83
58
80
15
25
08
72
52
91
25

Long.

86.05
85.38
84.43
83.50
82.88
82.87
82.68
82.25
81.77
81.13
81.82
80.93
80.25
80.03
80.05
80. 38
80.55
81.02
81.33
81.42
81.12
80.48
79.70
79.08
78.15
77.53
76.53
75.53
75.67
75.97
75.60
75.07
74.70
74.08
73.63
72.57
71.55
69.95
69.90
70.62
70.32
69.32
68.25

(Panama City)

...Rt. Endpoint: Lat. 25.32, Long. 80.25

(Key West)

{(Jacksonville)

(Savannah)

{Wilmington)

(Norfolk)

(Nantucket)

(Portland)

...Rt. Endpoint: Lat. 44.80, Long. 66.90

Appendix of locations for Figures 23A and 23B.
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Figure 24.

Compiled from various sources.
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Figure 25. Annual variations of Mississippi River discharge and
rainfall along Louisiana coast (adapted from Day et al.,
1972).
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Current vectors transverse to the effluent and along the

distributary mouth bar of South Pass in Mississippi River
delta. A. Ebb tide.
tide (from Wright, 1970).
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Figure 27. Surface distribution of suspended-concentration at high
river stage of South Pass in Mississippi River delta on
April 12, 1969, The plume boundary lies approximately
between the 60 mg/l and 40 mg/l isolines (from Wright,
1970).
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Figure 28A. Track of the M/V Gus III of the Bureau of Commercial
Fisheries, Galveston, and the R/V Alaminos of Texas A&M
University on cruises after Hurricane Betsy, in September
1965 (from Stevenson, 1967).
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Figure 28B. Temperature profiles along the east-west line seaward from
the Mississippi Delta. The "blacked-in" portions indicate
strong temperature inversions and represent surface layers
of brackish water from the Mississippi River. Hurricane
Betsy crossed these waters on September 9, 1967 (from
Stevenson, 1967},
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Temperature traces of the waters off the Mississippi Delta
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Figure 31. The three hydrologic units of Barataria and Caminada
Bays, Louisiana (Pike and Hacker, 1972, unpublished

data).
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Outgoing Tide
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Figure 32. Gross estuarine circulation in Barataria and Caminada
Bays, lLouisiana, at ebb tide (Pike and Hacker, 1972,

unpublished data).
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Figure 33. Gross estuarine circulation in Barataria and Caminada
Bays, Louisiana, at flood tide (Pike and Hacker, 1872,
unpublished data).
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West to east water envelopes having equiv#lent residence

Figure 34.
times (Pike and Hacker, 1972, unpublished data).
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SALINITY PPT

Figure 35.

Annual variations in salinities in Barataria Bay,
Louisiana (adapted from Day et al., 1972).
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Record of rise in mean sea level from three stations

along the Louisiana coast (from Day et al., 1972).

Figure 37.
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Figure 42. Top: Net daytime production of benthic algae and phyto-
plankton. Bottom: Total respiration of benthos and
water column. Both taken in Barataria Bay, Louisiana

(from Day et al., 1972).
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Figure 43. Productivity of the epiphytic community and standing crop
of filamentous algae and epiphytic diatoms (from Day et al.,

1972}.
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Figure 44.

Yearly variations in biomass and productivity of Spartina
alterniflora in the vicinity of Airplane Lake (from Day
et al., 1972).

141



Net Production

50.4%

1518
MARSH
754
consumpt Lon
8148 marsh
6900
———

] Plant respiration
-

Export
764 g/w? marsh

594 gimd

water

Total net production

WATER
. Rer
Gross 906
Production Production
ol PLANT RESFIRATION
390
Figure 45.

available to water n EXPCRT TO
1500 GULF
636 g/m? water
356 g!m2 rotal
864
conasumption in
waler

Export to Gulf
42.4%

estuary area

of Met Productien Available to Water

30,962 of Totsl Wet Productisn In Estuary

Production and flow of organic matter in Barataria Bay.
Numbers for marsh are g dry wt/m? marsh/yr and g dry

wt/m2 water/yr for water areas (from Day et al., 1972).

142



Number of cells

107

10

10

10

SEASONAL DISTRIBUTION OF TOTAL BACTERIA
IN AIRPLANE LAKE

\ Marsh
AN, AN Sediment
[\ o N / -
'o..t ._-" // \ '.. ..... 7""----.--.: --------------------
R N\ arm—— =TT
—“}.v’: ——————————— -}\{/ < \ ——————— -
= Sites
L 5
——-$
S - =7
. //'\ .
- / \\ H
Fr NG
s / / ™ N,
I ;7 7/ D N Water
»* /, / \\.-"\ ,. ...:" .......
, “"..0 » . \ J& 0 MSedessmmsesronnassassssssanes
.:—\._._.7._1 \_‘\ ] I\\ \._
— \.~/ \'-..\ ":: ! S -
\'-.:l iy . —— .
\u__l,-'l
\'-.-_;'l
\Y
14
| I \ L

Collection period 1971

Figure 46. Seasonal distribution of total bacteria in three

habitats of Barataria Bay (from Hood, 1970, and
unpublished data of Hood, 1970).
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Figure 47, Annual cycle of zooplankton from salt marshes east of
the Mississippi River (from Guzon du Rest, 1963).
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Figure 48A. Distribution of macrofauna in Spartina alterniflora
marsh at Airplane Lake (from Day et al., 1972).
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Figure 48B. Distribution of macrofauna in Spartina alterniflora

marsh at Airplane Lake (from Day et al., 1972).
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Figure 49. Annual variations of biomass and population levels
of meiobenthic organisms of the submerged sediments
in Airplane Lake (Bennett, 1972, unpublished data).
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Figure 50. Variation of biomass of meiobenthic organisms on a
transect across Airplane Lake. Note that biomass is
higher near shore (Bennett, 1972, unpublished data).

148



Total number of lixh per hectare x 1000

of [ 1 |

I IO O

E 1
ewr— N umbar ha. 7561

=—— Blamass kg/ha.

A I U I I Y T B

3/26 4718 /T S/15 K14 T/ IR B/28 972010714 1 174 1172312718 112 172 /24 V14 474 47319 S/1T &/T W/

Figure 51.
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Total biomass and number of fish taken with combined

gear at all stations March 1971 - June 1972 (from

Wagner, 1972).
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FISH BIOMASS |

Figure 52,

Annual patterns of biomass of fishes. Solid line is
average of seven sites in western Barataria Bay (see
Figure 3) for 1971-72. Dashed line is average of 3
years (1968-1971) at three stations in Lake Grade
Ecaille (see Figure 3). Vertical lines are range over
3 years (from Day et al., 1972).
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Figure 33.

Annual biomass variation for brown and white shrimp in
Barataria Bay. The two years of data for brown shrimp
are 1969 and 1970. The data for white shrimp are for
1971 (from Day et al., 1972).
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Figure 54. PFattern of population composition and biomass of birds
in the salt marsh (from Day et al., 1972).
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Average number of shrimp per unit effort of combined seines and trawls.
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Figure 55. Seasonal abundance and distribution of juvenile brown

shrimp (Penaeus aztecus) by hydrologic unit (1968-69) .
Sampling by Louisiana Wild Life and Fisheries Commission,
Gooperative Gulf of Mexico Estuarine Inventory. Geo-—
graphical overlap of catches resulted in division of
some hydrologic units into E (east) and W (west) {from

Lindall et al., 1972).
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Average number of shrimp per unit effort of combined seines and trawls.
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Figure 56.

Seasonal abundance and distribution of juvenile white shrimp

(Penacus setiferus) by hydrologic unit. Sampling by Louisiana
Wild Life and Fisheries Commission, Cooperative Gulf of Mexico
Estuarine Inventory. Geographical overlap of catches resulted

in division of some hydrologlic units into E (east) and W (west)
{(from Lindall et al., 1972).
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data of Neuman, 1972, and Gagliano, 1972).

Figure 37.



LOUISIANA

Figure 58.

Areas in Loulsiana for population estimates {(from
Louisiana State Parks and Recreation Commission,

June 1971. Comprehensive Outdoor Recreation Plan,
1970-75).
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Figure 59.

1972).

Texas Instruments surveillance (from

Resources Technology Corporation,

January 1971,
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January 1971, EPA spill surveillance (from Resources

Technology Corporatiomn, 1972).

Figure 60.
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Flgure 64A, Aerial view of relatively undisturbed marsh, indicating
tortuous water courses and ponding associated with active
nursery (from St. Amant, 1972)}.

Figure 64B. Extreme disruption of marshes attendant with Iintensive oil
production--compare with Figure 64A (from St. Amant, 1972},
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Stability test for Hansen's model by means of water
height, in centimeters, at grid location 5,5 as
indicated in Figure 65. Total time is a2 30-hour run.
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Figure 67B. Current vectors at 17 hrs (61,200 sec) based on Hansen's
model (Laevastu and Rabe, 1972) using winds toward 280°
at 7 m/sec. Grid pattern as indicated on Figure 65.
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Mean annual discharge and wave-power climate indices

(Wright and Coleman, 1972).

Table 1.
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Table 2.

Dimensions of estuarine study areas, Louisiana, and surface

water acres in coastal Louisiana by area and depth interval.
Areas 4, 5, 6 and 7 roughly correspond to the study areas

in this report, i.e., Mississippi Delta, Barataria Estuary
and (6 and 7) Terrebomne Estuary (adapted from Perret et al.,

1971).

Surface Water Acres in Coastal Louisiana by Area and Depth Interwval
(Barrett, 1970)

Depth (feet)

Total Acres

Area 0-3 3-6 6-9 >9 per acre
1 12,903 22,868 59,690 357,625 453,086
2 169,907 182,726 280,335 331,331 964,299
3 157,586 39,685 51,418 84,776 333,465
4 107,333 12,530 8,945 69,279 198,087
5 145,941 75,876 6,955 6,824 235,596
6 87,166 115,500 29,393 5,803 237,962
7 106,669 57,817 9,523 6,814 180,823
8 80,337 214,229 159,569 15,155 469,290
9 137,741 90,434 69,335 8,806 306,316
Total Acres
per Depth
Interval 1,005,583 811,665 675,163 886,513 3,378,924
Dimensions of Estuarine Study Areas, Louisilana
Surf.? Water Water3 Vol. Surf.2? Water Water3 Vol.
Study Areasl Area (Acres) (Acre-Feet) Study Areas™ Area (Acres) (Acre-Feet)
ARFA 1 453,083 5,098,490 AREA 6 237,962 939,437
Maj. w., bodies Maj. w. bodies
L. Maurepas 58,191 533,741 L. Barre 21,247 84,613
L. Pontchartrain 394,127 4,537,974 L. Raccourci 19,278 63,495
Terrebonne Bay 50,388 313,039
AREA 2 964,299 7,637,034 ! :
Maj. w. bodies _ Timbalier Bay 79,713 297,662
Chandeleur Sound 578,003 5,371,632  AREA 7 180,823 616,304
L. Borgne 171,380 1,128,568 Maj. w. bodies
Caillou Bay 27,085 113,132
Aﬁi? 3 bodies 333,465 2,074,416 (o i110u Lake 7,752 14,382
Breton Sound 195,330 1,650,716 E°“;e£§:§ze Bay zg,ggg gg’gg;
AREA 4 198,087 2,209,381 L. Pelto 24,633 101,516
Maj. w. bodies A
East Bay 48,195 425,878 Si? Sw bodies 469,290 2,533,202
Garden Is. Bay 13,504 44,732 Atchafalaya Bay 134,679 616,014
Miss. River 34,982 1,399,280 E. C Bl. B 82. 314 405.757
West Bay 17,646 63,343 - tote BL. Bay ’ ’
’ ’ Vermilion Bay 121,604 825,067
AREA 5 235,596 200,917 W. Cote Bl. Bay 89,902 507,192
Maj. w. bodies
Barataria Bay 43,551 200,017 REA 9 306,319 1,317,987
Caminada Bay 14,158 24,085  M2J: w. bodles
Little Lake 12’888 51'552 Calcasieu Lake 42,792 210,482
? ! Grand Lake 31,733 147,194
Sabine Lake 55,858 300,776
White Lake 51,649 234,182
TOTAL (9 areas) 3,378,921 23,140,497
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and 1970 (from Gagliano et al., 1972).
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i 939 vy O
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Table 4.

Unit

II
II1

IV

Vi
VII
VIII
IX

Totals

Shoreline inventory by hydrologic unit for coastal Louisiana
(from Becker, 1972).

Streans Bays, Lakes Canals Gulf
and and and Major Shore-
Bayous Marshes Dredged ‘Rivers line Totals
Cuts
970.6 3,410.3 350.8 43.1 30.2 4,805.0
697.5 1,389.0 560.5 77.7 13.9 2,738.6
769.,9 1.232.0 764.8 14%2.3 64.7 2,980.7
1,478.2 3,488.3 1,556.5 58.5 43.9 6,625.4
2,089.9 4,914.7 1,499.7 9.4 68.7 8,582.4
292.6 87.4 103.0 32.2 - 515.2
460.2 1,156.1 243.7 9.4 45.3 1.914.7
184.0 522.3 315.6 37.4 52.1 1,111.4
251.6 437.4 156.0 28.2 54,2 917.4
7,194.5 16,637.5 5,550.6 445.2 363.0 30,190.8
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Table 5. Surface water area and water volume estimates for the study
area, as indicated in Figure 1, part of the continental
shelf of Louisiana (Barrett, 1969, unpublished data).

Depths Surface Water Volume

Feet Acres % Acre - feet b4

0-100 4,167,442 51 6,251,000 .6
100~-200 1,654,900 20 248,235,000 25.0
200-300 1,085,400 13 271,350,000 28.0
300-400 696,800 8 209,386,000 22.0
400-500 336,675 5 135,838,000 14.0
500-600 202,675 2 101,439,000 10.0

8,143,892 972,501,000

Totals for entire Louislana continental shelf:

18,737,841 acres 2,486,611,612 acre-feet
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A,

NE

S5E

SW

W

Table 6.

Frequency in percent of winds from varilous direction in
Gulf of Mexico (extracted from U.S. Naval Weather, 1970).

A, Monthly data. B. Seasonal data.
Monthly data.
Jan Feb Mar Apr May June July  Aug Sept Oct Nov Dec
19 13 12 10 10 4 4 4 6 13 18 12
16 20 13 18 16 10 10 11 22 34 23 18
21 21 20 32 28 30 28 22 33 28 24 22
17 17 27 19 17 23 18 13 13 7 11 16
10 12 7 6 6 10 8 5 2 6 8
5 2 3 4 7 2 2 2 3
6 4 4 4 2 6 3 2 3 5
10 10 7 ? 5 4 4 S 4 4 7 7
Seasonal data.
Fall Ninger ‘Spring Summer
24 18 16 10
28 21 27 27
10 17 21 18
5 9 6 4
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Year

1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1845
1846
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

Table 7. Average alr temperatures in °F (Celsius equivalent given)
for southeast division of Louisiana, 1931-1971 (Climato-

J

52.4
60.8
59.2
57.2
56.5
55.5
66.1
55.7
58.8
43.9
55.8
51.0
54.9
54.1
54.5
54.6
56.8
47.6
60.2
67.5
535.9
63.0
57.3
57.5
54.5
52.6
61.2
49.3
51.1
53.0
48.8
51.6
49.6
51.3
56.6
49,5
53.6
52.5
54.8
48.0
55.4

togical data, Louisiana}.

F

58.0
65.9
58.6
56.7
57.9
54.2
56.8
60.7
59.9
54.3
53.3
53.3
57.6
63.8
61.3
57.4
50.4
58.6
62.1
61.5
56.7
58.4
57.3
60.4
58.7
61.8
64.1
48.4
38.2
51.2
59.4
63.8
50.7
51.7
55.2
54.1
54.4
48.7
55.4
52.3
55.3

M

56.6
58.4
63.3
61.0
66.7
63.7
58.2
68.9
64.4
62.1
57.5
60.2
60.8
63.5
68.8
64.6
57.2
654.9
62.3
60.1
63.1
61.2
66.8
60.8
65.5
62.9
61.6
58.6
59.8
57.3
65.7
58.6
65.1
61.5
59.5
60.1
64.3
57.9
55.1
60.2
60.0

Monthly Average °F:
54,9 48.4 61.7
Monthly Average °C:
' 12.7 14.7 16.5 20.5
Winter

Seasonal Average
Seasonal Average °C

°F

A

64.7
68.3
69.2
68.5
69.4
66.6
68.1
67.6
68.0
67.6
70.2
67.9
69.3
68.5
71.1
70.5
70.5
72.0
67.4
65.3
66.0
65.9
68.8
72.1
71.0
67.7
69.8
68.9
67.2
69.2
65.5
66.9
72.4
70.7
72.3
69.0
73.2
70.3
69.0
71.0
67.4

68.9

56.7
13.7

M J

7L.6 79.5
73.1 81.3
79.0
73.9
76.6
74.4
75.9
75.1
73.4
73.1
75.0
74.5
77.8
75.3
73.6
75.2
15.7
76.7
76.5
76.5
74.6 8l.1
75.3 82.8
77.5 82.8
72.0 80.9
77.6 78.5
77.0 78.8
77.0 81.1
75.5 81.7
76.6 80.5
72.8 81.3
73.6 78.6
77.2 80.7
76.8 80.6
76.0 80.3
75.8 80.1
75.3 78.4
74.2 80.5
74.9 81.0
74.3 81.4
74.1 79.2
73.5 80.3

]
kY =]
.

[\&]

o0
furd
o

838
om

o0 Co ~J 0o 00 00 OO ) oo

W0~ OO Pt~ 0o

o 0o
iy
o w

-75.2 78.7

24,0 25.9
Spring
68.6
20.3
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J

83.0
84.1
82.1
g2.0
82.3
82.3
82.5
81.6
82.3
81.5
8§2.5
82.4
82.8
82.8
81.2
81.7
80.9
82.9
8l1.9
80.6
82.8
82.5
81.9
82.6
81.4
81.9
84.0
81.9
81.5
84.4
81.1
84.5
82.3
81.2
81.9
82.7
80.5
81.3
83.1
81.4
81.2

80.7 82.2

27.0 27.9 23,9
Summer
80.8
27.1

A

79.7
84.1
B2.5
82.0
83.1
82.0
82.6
g2.8
81.7
8l1.8
84.1
81.7
83.3
8g2.7
82.6
82.6
82.4
81.9
81.9
8L.7
85.2
82.8
81.8
83.4
82.2
82.0
82,1

81.8

82.5
81.5
80.45
83.7
82.8
83.2
80.6
8l.1
79.9
81.8
81.2
81.9
81.2

5

9.7

82.2
82.9
78.4
78.7
8.5
79.0
78.2
80.1
77.2
81.1
77.2
76.9
80.5
80.3
78.0
80.3
76.5
78.6
78.9
80.2
77.0
78.7
80.7
80.6
78.0
77.7
80.5
79.9
78.8
79.1
80.2
79.2
79.9
78.5
78.2
75.8
77.6
77.4
80.5
79.1

75.2

Fall
69 .4
20.8

0

74.0
69.2
72.8
73.7
73.5
72.9
70.1
71.0
72.5
71.2
77.9
71.9
67.8
69.1
70.0
72.7
75.5
69.6
74.8
71.7
73.1
64.3
71.5
71.9
70.5
72.7
67.4
70.5
73.4
72,2
69.9
73.9
72.8
67.1
78.7
68.7
67.8
71.7
70.8
69.4
72.8

N

67.8
56.4
63.5
65.0
62.1
60.6
58.8
61.9
60.1
62.6
60.0
64.1
58.5
63.7
64.9
66.3
61.2
63.8
60.3
58.4
57.3
59.8
61.1
59.3
61.4
61.5
62.7
64.6
59.6
64.2
62.6
59.6
62.3
65.2
66.4
63.7
61.4
58.9
59.4
57.1
61.7

71.3 61.7

21.8 16.5
Annual
68.9
20.5

62.7
58.6
64.8
55.8
51.8
57.3
54.9
55.7
58.5
59.7
58.9
57.4
55.1
55.3
52.4
59.2
55.9
60.6
59.%
53.1
60.0
55.7
54.4
56.0
56.8
62.2
56.0
53.2
55.7
53.3
58.0
53.4
47.7
57.7
56.7
54.2
59.3
53.8
55.2
59.4
64.2

56.8
13.8

o=~ h O
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69.5
70.0
70.1
67.9
69.7
68.5
63.9
70.2
70.2
70.1
69.1
69.8
70.6
59.7
69.7
69.1
70.0
69.8
69.9
69.9
70.4
67.9
68.8
68.3
68.5
70.2
68.5
68.8
69.3
67.9
68.7
67.5
68.1
67.8
69.3

20.7
69.3



Table 8. Monthly precipitation in inches {metric equivalents given),
southeast division, 1931-1970.
National Climatic Summary {(courtesy G, Cry).

=

Year J

1931 4.37
1932 5.40
1933 4.27
1934 6.84
1935 1.70
193 7.04
1937 3.%6
1938 4.82
1939 2.09
1940 3,55
1941 3.56
1942 1.87
1943 2.72
1944 9.22
1945 4.73
1946 5.40
1947 B.37
1948 4.95
1949 2.17
1950 2.39
1951 3.60
1952 2.58
1353 2.23
1954 4.36
1955 5,35
1956 3.67
19257 1.3}
1958 7.49
1959 3.40
1960 4.29
1961 6.32
1962 4.30
1963 4.17
1964 7.73
1965 4.97
1966 11.22
1967 4.31
1968 1.70
1969 3.6}
1970
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3.16
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4.60
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6.00
1.33
.96
3.53
4,57
6,66
7.43
4,60
2.40
12.24
7,35
13.96
g.11
6.25
6.85
2.96
3.78
1.76
.25
3.06
7.78
7.02
3.63
3.19
7.35
2.07
91
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2,23
2.67
6. 74
1.49

4.90

Monthly Average {(cm):

14,96 11.84

Seasonal Average:
" {cm):

12.45

+ 2 4

WD D L 0o
0o
£~
~J
LV ]

. .
~N
.
~
=

NNWNO\EI—'U\I
=
o
-]

&
SR D
o
—

-~

[P S C RPN S S - S - - 3 N Ry )
- . v

o L
. e .
(=0 W)
o0&
w b

= o
o R~

3.41 4.73
6.86 6.99
© .81 5.78

4.31 4.50

3.8
3.29
3.06
7.79
5.24
9.39
1.77
9.49
6.87
7.59
4.03
4.66
7.59
4.56
3.57
1.47
4.06

5.27

5.04
11.37
7.89
2.88
7.19
8.47
8,36
6.66
7.1
9.03
11.24
9.69
7.02
5.21
9.00
11.71
5,26
7.08
3.99
6,34
9.96
6.58
9,14
6.71
5.30
8.25
6.27

A

7.52
10.65
4,18
10.77
6,66
1.49
7.50
4. 89
6.79
10,08
4.53
8.78
4.48
7.11
8.3l
4.26
5.86
6.15
6.67
2,95
3.65
5.96
7.77
2.92
9.60
4.80
6.58
71.73
6.52
8.77
8.08
5.00
3.38
5.56
T.47
6.93
9.36
5.02
6.22
8,26

Extracted and derived from

2.75
6.71
2.36
2.90
4.65
4.02
5.5%
4.31
6.93
3.81
7.07
7.12
14.82
6.21
1.00
11.55
4.51
14.59
8.73
2.72
7.39
4.37
2.07
1.26
5.82
11.33
11.55
8.69
4.49
5.66
7.32
4.23
7.08
3.78
9.64
6.67
5.93
2.96
2,15
6.66

1.37 6,63 6.40

10.95 11.43 13.39 18.72 16.84 16.26
Spring (MAM)

Winter (DJF)

5.18
13.16

4.57
11.6%
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Summer

6.62
8.50
2.10
4.91

1.73
13.89
2.13
13
4.63
6.25
N
1.00
1.27
2.11
1.21
4,29
2.26
1.38
W10

4.22
2.1%9
2.65
2.62
2.39
9.14
5.19
1.72
3.03

.04
3.78
1.18
3.28
6.06
1.67
1.08
6.23

3.23

8.20
(JJIA)

6.42
16,31

3.3
3.21
3.
6.00
1.57

2.00
3.22
6. 86
3.01
2.57
1.46
2.8
10.64
1.8}
4.47
12.43
12.49

1,00
3.43
2.41
8.63
2.50
4.08
1.5¢
5.83
1.44
1.44

7.11
2.B4
8.72
3.51
1.7%
1.57

.28
4,26
1.02
1.035

3.74

9.50

Fall {(SOW)

1

8.02
4.90
2.88
2.56
5.92
3.70
3.70
3.82
2.0
8.32

4.75
4.20
2.54
7.12
3.41
7.96
4.89
5.52
6.79
3.17
4.98
11.11
5.59
3.26
5.59
2,63

2.06
4.29
6.42
3.24
5.24
2.19

1.19 3

6.59
10.13
6.42
5.28
3.02

4.96
12,59

§.456
1.33

Annual
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Table 9.

Percent frequency of specific relative humidity at selected
hours for midseasonal months (U.S. Weather Bureau, National

Climatic Summary, 1971).

(New Orleans records: 1949=195})
~ 30 =<<U0 <50 =50 70 =%

Jan 6 am 0 1 2 98 93 61
3pm 3 15 23 77 31 7
Apr 5 am 0 1 2 98 83 53
3 pm 8 26 L3 57 19 7
Jul L am 0 0. 0 100 98 77
3 pm 1 2 17 83 k2 é
Oct 5 am 0 0 3 97 90 52

3 pm 11 33 L7 53 13 4
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Percent frequency of fog occurrence at specific locations
Monthly occurrence at Lake Charles

A,
and intensity for Grand Isle, Block 46, offshore Louisiana

Table 10.
in Louisiana.
(Glenn, 1972).
MONTHLY OCCURRENCE OF FOG -°1964
cenrlnn _m Toly Mar Anr Mav Jun Jol Aug Sea Oct Nov D2 Aanual
8 2 5 4 3 3 5 11 42
1 1l 3 27

- Lake CThaziles
New Qrleans 1w 2 3 1 1
are number of davs that heavy tog occurred at each

fumbars cited

*ote: N o
gtation for +he month noved.

Léss Than Less Than Less Than Less Tnan Less Thaa
1/2 ¥ile 1/& Mile 1/3 ¥ile

onth 3 Miles 1 Mile
Jaz 7.9 3:3 2.2 1.6 1.4
Feb 9.0 3.9 2.7 2.0 1.7
Har $.6 4.2 2.9 2.2 1.9
Apr 8.0 3.4 2.3 1.7 1.5
May 2.6 1.2 0.8 0.6 0.4
Jun 1.0 0.5 0.3 0.2 0.1
Jul 0.7 0.2 0.1 0.1 0.0
Aug 0.8 0.2 0.1 0.1 8.0
Sep 1.0 0.5 6.3 0.2 0.1
Oct. 2.0 1.0 0.6 0.4 6.2
Nov 3.3 1.5 1.0 0.7 6.5
5.7 2.3 1.6 1.2 1.0
1.2 6.5 0.7

Dac
£.3 1.9
1 Visibility reductioms are ezused primarily by fog.

Anpual
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Table 11. Cyclone data for selected Louisiana areas (extracted

from Simpson and Lawrence, 1971).

See Figure 22 for

location of area designation numbers.

Farliest tropical cyclome occurrence®
Latest tropical cyclone occurrence
Probability (%) of occurence in any
one year:

Tropical cyclones

Hurricanes

Great hurricanes

Coastal Section

Terrebomme
10 11
June July
Qctober
18% 21%
9z 132

Barataria M. Delta

12

August

November October

15Z
9z
¥4

Cyclone Probability percentage (data extracted and derived from

Simpson & Lawrence, 1971)

Trop. Cyclone

Texas {(5-6) 19
Louisiana (11-12) 138
Delaware (46-47) 2.5
New Jersey (50-51) 8.5
Maine (58) 13

Hurricanes Great Hurricanes

13 4
11 3
1.5 0
6 0.5
5 0

%411 troplcal cyclones means winds 40 mph or higher
All hurricanes means winds 74 mph or higher
All great hurricanes means winds 125 mph or higher
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Data on occurrence of tropical storms and hurricanes

within 180 nautical wiles of Louisianaz coast (Glenn,

1972),

Table 12A.

* (savok (radads ut vuuu:UUOU..o
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Table 12B. Occurrence of hurricane and tropical storm centers within
180 nautical miles of the Louisiana coast, 1871-1971

(Glenn, 1972}.

Tropical Tropical Tropical Tropieal Tropical
Cyclone® Cyclone® Cyclone*® Cyclone# Cyclonak

Date__ Intensity Year pate Intenmsiry Year Pate Intensity Yeor Date Intensity Year Date  Inteasity
0 1 7 1953 Jun 6

Jun 3 H 1891 Jul 5 ] 1911 Aug 11 1935 Nov T T
Jun 9 Ll 1892 Sep 11 T 1932 Jun 12 T 1936 Jul 27 T 1953 Sep 18 T
sep 5 H 1893 Jun 14 H 1912 Sep 12 H 1936 Jul 31 H 1953 Sep 25 Hi
et D H 1893 Sep 6 H 1914 Sep 18 T 1936 Aug 8 T 1954 Jul 27 T
Jul 10 L 1893 Oct. 1 il 1915 Aug 16 U 1937 Sep 18 T 1955 Avg 1 T
Sep 10 H 1894 Avg 5 T 1915 Sep 29 H 1937 Oct 3 T 1955 fup 26 T
Jul 2 H 1894 Oct 7 H 1916 Jul 5 H 1938 aAug 14 H 1956 Jun 13 7
Sop 15 H 1895 Aug l4 T 1916 Qct 18 " 1338 Oct 16 T 1956 Scp 24 H
Sep 23 H 1895 O¢ct G T 1917 Sep 27 H 1938 et 23 T 1957 Jun 8 T
Sep 17 b 1896 Jul & B 1918 Avg © H 1939 Jun 14 T 1957 Jun 27 L
oct 2 H 1897 Sep 12 R 1919 Jul 3 T 1939 Aug 13 H 1857 hug © T
Qet 25 fl 1895 Sep 19 T 1919 Scp 12 i 1939 Sep 26 T 1957 Sep 7 1
Oct 10 1 1898 Scp 27 T 1920 Sep 21 1 1940 Aug 6 i 1957 Scp 1B T
Aug 22 H 1900 Sep & LB 1920 Sep 29 H 1940 Sep 23 T 1858 Sep 5 T
Sep 1 H 1960 Sep 12 T 1921 Jun 22 H 1941 Sep 11 T 1959 May 29 T
Qct 6 H 19¢0 Qct 11 T 1922 Oct 16 T 1941 Sep 23 H 1959 Jul 24 H
Qct 15 H 1901 Jun 13 T 1923 Qet 15 H 1942 Aug 19 H 1959 Ocx 8 T
Jun 22 ) 1901 Jul 10 T 1923 Qet 17 T 1942 Aug 29 H 1960 Scp 14 i
Aug 2 H 1901 Aug 12 )4 1924 Sep 14 H 1943 Jul 26 i 1960 Sap 25 T
Aug 12 H 1901 Sep 16 T 1924 Oer 12 T 1943 Sep 18 H 1961 Sop 19 H
Scp 9 H 1902 Jun 26 H 1926 Aug 24 H 1944 sep 10 T 1963 Sep 17 H
tug 29 H 1962 Oct & H 1926 Scp 20 R 1945 Jul 20 T 1964 sug 7 T
Sep 20 H 1903 Sep 13 H 1928 Jun 28 H 1945 Aug 27 H 1964 Oct 2 H
Sep 25 H 1904 Kov 1 T 1931 Jul 15 T 1945 Sep 5 T 1965 Jun 14 T
Jun 14 T 1905 Sep 27 T 1932 Aug 13 H 1946 Jun 14 T 1965 Sep 9 il
Jun 20 13 1905 Qet 8 T 1932 Aug 31 H 1947 Aug 22 H 1965 Sep 28 T
Jun 3 H 1906 Jun 12 T 1932 Sep i3 T 1547 Sep 8 T 1869 tug 17 il
Jul 1o B 1566 Sep 26 -3 1932 Sep 19 T 1947 Sep 19 H 1969 Get 5 T
s 19 H 1907 Sep 27 T 1932 Oct 15 T 1948 Jul & T 1869 Oct 21 H
cee 11 n 1907 Sep 20 T 1933 Jul 5 H 1945 Sep 3 H 1970 Jul 21 T
Jul 76 1 1507 Sep 28 T 1933 Jul 22 T 1949 Sep 4 T 1970 Sep 15 ¥
occ 18 H 1908 Sep 17 T 1933 Aug 2 T 1949 Sep 21 T 1971 Sep 9 H
Jun 16 H 1909 Jun 27 T 1934 Jun 16 H 1949 Qer 3 u 19731 Sep 16 H
Jul 5 T 1909 Jua 20 T 1934 Jul 25 H 1950 Aug 30 H

fug 19 ! 1909 Jul 20 H 1934 sup 27 3 1950 Qet 2 T * H(Hurricane)

9 Sep 22 | 1909 Sep 20 R 1934 Qct 5 T 1950 0t 18 K T(Tropical Storm)
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Table 13. Average percentage frequency of occurrence of wind speed -
direction groups: Grand Isle, Block 46: Offshore Louisiana:
July (Glenn, 1972).

Direction 0-4

N 0.3
N2 0.5
E 1.1
SE 2.6
5 3.2
sSW 4,3
v 2,3
KT 0.8
Total 15.1

0.8
1.0

2.3

Wind Speed Groups (mph)
5-9 10-14 15-19 20-24 25-29 30-34 35~40 40 Plus Total

0.7
1.0
2.4
6.3
7.8
8.2
5.0
1.9

33.3

0.2
0.4
0.9
2.2
2.8
3.2
1.9
0.7

12.3

0.0
g.1
0.3
0.4
0.5
0.5
0.3
0.2

2.3
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0.0

0.0
0.1
0.3
0.3
0.1
0.1
0.1

1.¢

¢.0
0.0
.1
0.2
.2
0.0
0.0
0.0

0.5

0.0
0.0
0.0
0.1
0.1
0.0
0.0

0.0

. 0.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

2.0
3.0
7.2
18.1
22,4
26.2
15.4

5.7

0.0 100.0



Table 14A.

Direction Q-4

N
NE
E
SE
5
SW
W

w7t
A

Total

0.4
1.5
1.6
1.6
0.8
0.6
0.5
0.3

7.3

Average percentage frequency of occurrence of wind

speed - direction groups: Grand Isle, Block 46:

Offshore Loulsiana: September (Glenn, 1972).

1.3
3.8
4.6
4.1
2.1
1.2
1.4
0.7

19.2

Wind Speed Groups (mph)
5-9 10-14 15-19 20-24 25-29 30-34 35-40 40 Plus

1.7
3.7
7.6
6.5
2.9

1"0

1.2

0.9

.27.5

1.3
4,8
6.3
5.4
2.3
0.7
0.6
0.8

22.2

0.8
2,5
3.3
2.8
1.3
0.5
0.3
0.4

11.9

223

0.3

0.9

i.3
1.1
0.5
0.2
0.1
0.1

4.5

0.2
0.8
1.0
0.8
0.3
0.1
0.0
0.0

3.2

0.1
0.3
0.4
C.4
0.1
0.1
0.0
0.0

1.4

0.2
0.7
0.7
0.8
0.3
0.1
0,0

0.0

Total

6.3
2.0
26.8
23.5
10.6

4,5

4.1

3.2

2.8 100.0



Table 148B. Average percentage frequency of occurrence of wind
speed ~ direction groups: Grand Isle, Block 46:
Offshore Loulsiana: October (Glean, 1972).

. Wind Speed Groups (mph)
Direction G-4  5-9 10-14 15~19 20-24 25-29 30-34 35-40 40 Plus Total

:': 0.4 1-3 2.6 2-8 2-0 1-3 0.8 0:3 0-5 12-0

o
|34
fout
po
£
-

v

7.9 7.5 4.6 1.8 1.2 0.3 0.6 29.5

z 0:2 3.5 8.6 6.0 3.8 1.5 11 0.3 0.6 24.2
sz 0.8 23 4% 41 2.4 10 0.6 0.2 0.4 16.2
5 0.3 3.7 2.6 1.3 0.8 0.3 0.1 0.0 6.0 7.8
5 95 0.8 0086 0.4 0.2 0.1 0.0 0.0 | 0.0 2.6
. G:3 0.8 0.6 04 0.2 01 0.6 0.0 0.0 2.
N ¢.3 0.8 1.3 14 07 03 0.2 0.1 0.0 5.1
Tozal 5.9 15.7 26,6 246 147 64 4.0 1.2 2.1 100.0
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Table 15. Average percentage frequency of occurrence of wind
speed — direction groups: Grand Isle, Block 46:
Of fshore Louisiana: December (Glenn, 1972).

Wind Speed Groups (wmph)
Direction 0-4 5-9 10-1%4 15-19 20-24 25-29 30-34 35-40 40 Plus Total

N 0.3 1.0 2.3 3.1 2.7 2.3 1.8 1.z 1.9 16.6
XE 0.6 .2.1 4.6 6.7 5.1 2,1 1.6 0.8 1.3 24.7
E 0.6 1.6 3.5 4.7 2.8 1.0 0.7 0.3 0.5 15.5
SE 0.4 1.7 3.4 4.6 2.8 1.0 0.7 0.2 0.4 15.2
S 0.4 1.1 2.6 3.1 2.2 0.7 0.3 0.1 0.2 10.7
Syt 0.3 1.2 1,6 1.3 0.8 0:1 0.0 0,0 0.0 5.3
v 6.3 0.5 0.7 @7 0.5 0.3 0.2 0.1 0.1 3.4
W 0.3 0.6 1.3 1.8 1.4 1.2 0.8 0.5 0.7 8.6
Total 2.8 9.9 19.9 26.0 18.3 8,7 6.1 3.2 5.1 200.0
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Table 16.

Average percentage frequency of occurrence of wind
speed - direction groups: Grand Isle, Block 456:
Offshore Loulsiana: April (Glenn, 1972).

Direction O~4 5-9

0.3 0.7
6.6 1.5
0.7 2.1
2.1 5.6
1.3 4.7
0.6 1.7
0.5 1.1
0.2 0.7
6.3 18.1

Wind Speed Groups (mph)
10~14 15-19 20-24 25-29 30-34 35-40 40 Plus Total

1.3 1.2
2.9 2.7
3.6 3.1
9.7 9.5
6.5 4.8
1.5 1.3
1.1 0.8
1.2 1.2
27.8 24,6

1.1
2.2
2.2
4.0
2.5
0.6
0.4

0.8

13.8
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0.8
0.9
0.6
0.5

0.7

0.2
0."5

4.7

0.4
0.4
0.3
0.4
0.3
0.0
0.1
0.3

2.2

0.3
0.3
0.1
0.2
0.1
0.0

0.0

0.2

1.2

0.4
0.3
0.1
0.2
0.1
0.0
0.0

0.2

6.5
11.8
12.8
32.6
21,0

5.8

4.2

5.3

1.3 100.0



d wind vectors for area near and arcound Burrwood,

Current an

Table 17.

River delta

ippi

a, which is located on Mississ
(extracted from Scruton, 1956).

isian

Lou

9171 t6l £8¢ v vid 06 YA ®ST 1€ i1 90¢ 06 081 o8s/mo ‘pasdg

0Bt €£'9 B8I'6 OB 66'8 S6°T IZT'®W 90°S 6%°L T9'S  GSL°9 Ce'? 6% 28s/13 ‘poads

W1e w/ee /TS wey €16 *A T 2/TZ ¢ /1w E/1Eg i YET T/E (s30uq) paadg

V/N  V/N v/ V/N V/NV/N V/N V/N OV/N v/N V/IN  V/N V/N (ep/yu-3u) poadg

VST JHOT o922 JTTT o WST  LTTE o MT LTSE  oCTE LE8Z 19T 827  L902 (,) uoTivaaIq

SpUTM 3JUEI[nSay

Ow .OH Ow.OH - L] - L] - - - L]
<I*% £%°9 Z1°v 2T1°% OB'OT €£°8 98°CT 6T'6T €£%'9 Ti*'%w 2Z1'% 29s/wd ‘poaads

oy ot SET*  TZT GET SET” o 6 v €9’ T¢* 61 Gg1- o9sf13 ‘poadg
1z 1z° 80" GZI* 80" 80" I¢° 410 6T i€t 6ZI* 80" 80" (s1owy) poads
S

m ¢ € Z 4 q i 9 +6 € rA r4 (ep/Tw-3u) paadg

287t LGCE oC0E  LS0f LL0E LL4E oTT 009t o6LC o8TE 0%t L6709t (,) uoTIOBITQ

TIV a N [5) g ¥ T T H v 7] I T

SpPUIM puUR S53Uus31an] JUBJITNSSY - poomiang

§3Ualin) JUEITNSIY

227



Current and wind vectors for area near and around Grand Isle,
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Of fshore
th (Glenn, 1972).
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Table 21. Results of analysis of variance for mixing and stratification
seaward of the mouth of South Pass of the Mississippi River
delta (Wright, 1970).

F-Ratios
Depth

Source of - Density of

Vvariation d.f. (C) Ratlo Interface Aoy Az
- River Stage 1 41,208%% 7. 344% 7.794%% 5.222%
= Tida (Tlecod
2 or Thb) 1 0.138 NS 14.671%% 0.031 N5 3.253 NS
= Szas {(Rough
- or Calm) 1 5.509% Q.940 N5 1.204 NS 6.482%
£ Lize Nusber 3 0.387 NS 5. 422%% 1.449 NS 0.694 NS
= Shoreward or

Seaward of Bar

Crast (Bar Pos.) 1 {.122 NS 14.561%% 3.433 NS 8.140%

2ivar Stage -

Tida 1 3.726 NS 31,547k 5.399% 6.743%

River Stage -

Sga State 1 0.011 NS 5.039% 1.232 N8 3.606 NS
= River Stage -
= 1ine liumber 3 0.979 NS 0.872 N3 1.405 NS 0.162 35
< Ziver Stage -
= 3ar Position 1 0.939 NS 21.568%* 5.367% 0.202 NS
> iida -
Z  sez State 1 0.668 NS 0.959 NS 0.859 NS 0.611 NS
< TifZe -
: Line Nuzher 3 0.0646 NS 0.716 NS 0.388 NS 2.787*
z Tide -
= Sazr Positien 1 $.983 NS 3.459 NS 0.003 HS ¢.050 NS
™ Za2a State -

Ling Nuzhar 3 1.982 N§ 5.139% 1.533 NS 3.B830*

Zea Szate -

Zgr Zosition 1 0.673 NS 1.383 NS 3.014 NS 3.580 WS

“iaa luzber -

3ar Position 3 0.317 NS 0.217 NS 0.139% NS 0.561 NS

# Diztance Seaward

ef ¥euen {Linzar) 1 25. 714%% 2.859 NS 7.963%% 0.398 ¥S

zZrror 1il

Total

{(Cocorrected)y 138

®a Sigaificant at .0l level
Significant at .05 lewvel
vot significant

; Continuous variable

»

v
L )
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Table 22.

Hydrologic
Unit

11
III

Total

Flow rates and average residence times per hydrologic

unit of Barataria Bay, Louisiana, as shown in Figure 31
{Pike and Hacker, 1972, unpublished data).

Area

92
120
219

431

Aunual Average

Flow of Fresh Water

thrgugh the Hydrologic Unit
(£t~ /day)

0.4 x10°

C.e x106

1.0 x106

2.0 xlO6

232

Average Resgi-

dence Time in

the Hydrologic
Unit (vears)

53
48

50



Median water temperature in °C at station 3017:PM, Barataria

Bay, Louisiana (extracted from unpublished data, courtesy of
B. Barrett of Louisiana Wild Life and Fisheries Commission,

Table 23,
1972).
1962 1963
Jan 2.1 11.1
Feb 16.1 10.5
Mar 15.6 18.5
Apr 21.3 23.5
May 26.4 25.1
Jun 27.1  25.5
Jul 28.7 27.1
Aug 28.5 28.3
Sep 27.2 26.1
Oct 24.6 22.2
Nev 15.1 15.8
Dec 11.9 8.2
Winter (DJF)
Spring (MAM)
Summer {(JJA)
Fall (SON)

1964

12.3

13.6

17.1

20.8

24.9

29.1

28.1

27.9

27.5

20.7

20.8

16.8

1965
16.3
14.3
16.1
24.1
24.8
27.4
27.5
27.6
26.6
22.4
20.5

14.0

13.4
21.4
28.4
22.7

1966
11.9
13.2
16.6
20.2
25.3
27.6
29.2
28.9
27.6
22.5
20.3

14.5

233

1967
13.6
14.0
17.4
25.1
25.9
29.6
28.5
28.3
26.6
21.1
17.9

16.4

1968
12.3
10.6
15.4
22.4
25.9
29.1
29.4
30.5
27.9
25.2
16.7

13.5

1969
12.8
14.0
14,0
21.8
24.6
29.4Q
29.9
29.4
27.9
22.7
17.8

16.4

Average
12.8
13.3
16.4
22.4
25.4
28.0
28.5
28.7
27.2
22.7
18.1

14.0
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Table 25. Monthly tide levels along the central Louisiana coast,
1958-592 (Chabreck, 1972).

Mean Mean Mean Highest Lowest

High Low Water Individual Individual
Month Tide Tide Level Tide Tide

------------ Feet = — =« — = = — = = = =~
January .39 -.35 .02 1.5 ~2.0°
February .56 ~.26 .15 1.6 -1.8
March .60 -.18 .21 1.3 -1.5
April .78 .09 43 1.2 - .7
May 1.13 .40 .76 2.4 - .7
June 1.19 .18 .69 1.7 - .7
July .83 -.06 .39 1.5 -1.0
August .83 .11 AT 1.6 - .8
September 1.26 .69 .97 2.6 - .2
October 1.06 .39 .72 1.8 - .5
November .85 .07 46 1.5 -2.1
December .37 -.62 -.12 1.4 -2.2
Annual .82 .04 <43 2.6 -2.2

4rrom Chabreck and Hoffpauir, 1962.

235



Table 26, Normal astronomical tide characteristics: Grand Isle,
Block 46: Offshore Louisiapa: 110 foot mean low water
depth {(Glenn, 1972).

Maximum Astronomical Tide 2.5 Feet
Mean High Water 1.2 Feet
Mean Tide Level 0.8 Feet
izen Low Vatexr 0.2 Feat
Lowest Astronomical Tida ~{0.8 Feet
szximum Range 3.3 .Fee:
Mzan Range 1.0 Feet
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Table 27. Annual wave climate summary for coastal Louisiana
(from Becker, 1972).

Wave Direction From Which Wave is Coming
H, ft T, sec E SE 5 s Subtotals
3.0 4.5 13.47 20.9% 71.52 5.0% 46.8%
5.0 6.0 B.9Z 20.6% 8.7% 7.6% 45.8%
7.0 7.0 1.2% 1.2% 0.8% o 3.2%
B.5 8.0 1.4% 0.57 1.5% 0.8% §5.2%
Subtotals 24.9% 43.2% 18.5% 13.47% 100.9%

*The percentages cited are relative to portion of time during the year when
wind velocities exceed 10 km/hr. Winds >10 km/hr prevall during 43.3 per-
cent of the year on the average.
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Table 28. 1l-year storm tide and wave characteristics: Grand Isle,
Block 46: Dffshore Louisiana: 110 foot mean low water

depth (Glenn, 1972).

Mean Low Water Dapth

Maxirum Astronomical Tide

Storm Tide

Total Tide

Still Watex Depth

Height of Maximum Wave

Period of Maximum VWave

Length of Haximum Wave

Crest Elevatiorn of Maximum Wave Above Bottom

Trough Elavation of Maximum Wave Above Bottom

238

110.0
2.5
0.8
3.3

113.3

26.6 F

9.3
431.2
128.3

101.7

Ft.



Table 29. 5-year storm tide and wave characteristics: Grand Isle,
Flock 46: Offshore Louisiana: 110 foot mean low water

depth (Glenn, 1972).

tean Low Yater Depth
Meximun Astronomical Tide

Sror= Tide

feight of Maxiwum Wave
Period of Meximum Wave

Lenzth of Maxizum Wave

Crest Elevation of Maximum Wave Above Bottom

Trough Eievation of Maximum Wave Above Bottom

239

1i0.0 Fc.
2,5 Fr.-
1.1 Fe.
3.6 Fe,
113.6 Fc.
34,5 Fe.
10.8 Sec.
548,7 Tr.
133.7 Fe.

99.2 Ft.



Table 30. 10-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water

depth (Glenn, 1972).

¥ean Low Water Depth
Faximum Astronomical Tide

Storm Tide

Reight of Maximexm Wave
Period of Maxizmum Wava
Length of laximuz Wave

Crest Elevation of Maxinum Wave Above Bottom

Trough Elevation of Maximum Wave Above Bottom

240

110.0
2.5
1.4
3.9
113,9
38.8
12.4
668.3

137.2

98.4

Ft L]

Ft.



Table 31. 25-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water

depth (Glenn, 1972).

Mean Low Vater Depth 110.0 Fr.
Maxirmum Astronomical Tide 2,5 Fr.
Stom Tide 2,2 Ft.
Total Tide 4,7 Fr.
Still Wacer Depth. 114.7 Fe.
Height of Maximum Vave 45.6 Ft.
Pericd of Maximum Wave 13.4 Sac
Lengzih of Maximum Wave 789.5 Ft.
Crest Elevation of Maxinum Wave Above Bottox 143.2 Fr.
Trough Zievation of Maximum Wave Above Bottom 97.6 Ft.
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Table 32. 50-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Loulsiana:

depth (Glenn, 1972).

Mean Low Water Dapth

Maximun Astroaomical Tide

Storm Tide

Total Tide

Still Water Depth
feight of Maximum Wave
rericd of Maxiwuw Wave

Lengtn of Maximum Wave

110 foot mean

Crest mlavation of. Maximum Wave Above Bottom

Trough Elevation oi Maximum Wave Above Bottom

242

low water

+110.,0
2.5
3.0
5.5
115.5
51.6
315.3
906.9
150.2

98.6

Ft'

Tt.

Ft.

Ft.



Table 33. 100-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water

depth (Glenn, 1972).

Mean Low Water Depth

Max Inum Astronomical Tilde
Storm Tide.

Total Tide

Still Water Depth

Height of Maximnum Wave
Period of Maximum Wave

Lengtn of Maximum Wave

Crest Elevation of Maximum Wave Above Bottom

Trough Elevation oi Maximum Wava Above Bottom
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110.0
2,5
3.6
6.1
116.1
54,3
16.0
967.0

153.6

99.3



Table 34.

Pirection

jad

HE

tm

Average percentage frequency of occurrence of significant

wave height - direction groups: Grand Isle, Block 46:

Offshore Louisiana: 110 foot mean low water depth: Annual

(Glenn, 1972),

0-1.9
1.5
2.9
2.5
2.5
2.1
1.9
1.6
1.7

16,7

Significant Wave Height Groups (Ft.)
2_309 4"5.9 6—7 09

2'7

5.8

5,2

5.3

4.5

3.5

2.3

2.1

31.4

2,1
4.6
§6.1
5.4
3.6
1.8
1.1
1.1

23.8

1.5
2.9
2.7
3.9
2.3
1.0
0.6
0.5

15.4

244

8-9.9 10-15
Gc.7 0.2
1.2 0.5
1.4 1.1
2.0 1.7
1.1 0.7
g.5 0.2
0.2 0.1
0.2 0.0
7.3

4.5

15 Plus

0.0
0.1
0.3
0.3
0.2
0.0
.0
0.0

0.9

Total
8,7
18,0
17.3
21,1
14.5
8.9
5.9
5.6

100.0



Table 35. Average percentage frequency of occurrence of significant
wave height - direction groups: Grand Isle, Block 46:
Offshore Louisiana: 110 foot mean low water depth: April
{Glenn, 1972).

Significant Wave Height Groups (Ft.)
Direction 0-1.9 2-3.9 4-5.9 6-7.9 8-9.9 10-15 15 Plus Total

N 1.0 2.0 1.8 1.2 0.4 0.1 0.0 6.5
NE 1.6 4.7 3,3 1.7 0.4 0.1 0.0 11.8
z i.9 3.8 3.6 2.3 0.8 0.3 0.1 12.8
SE 3.3 6.3 10.6 6.7 3.6 1.9 0.2  32.6
S 2.0 4.8 6.5 44 2.1 1.1 0.1 21.0
S 0.8 1.5 1.7 1.2 0.4 0.2 0.0 5.8
u 0.7 1.4 1.1 0,7 0.2 0.1 0.0 4.2
W 1.3 2.4 1.1 0.4 0.1 0.0 0.0 5.3
Total 12.6 26.9 29.7 18.6 8.0 3.8 0.4 100.0
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Table 36.

Direction

Average percentage frequency of cccurrence of significant

wave height - direction groups: Grand Isle, Block 46:
Offshore Loulsiana: 110 foot mean low water depth: July
(Glenn, 1972).

0_109
1.1
1,2

2.8

Significant Wave Feight Groups (Ft.)

0.7

1.3

2-3.9 4-5.9

0.2
0.4
1.1
2.9
3.7
6.3
2.0

0.6

15.2

6=7.9
0.0
0.1
0.3
1.0
1.2
1.4
0.6
0.1

4.7

246

8-9.9 10-15
0.0 0.0
0.0 0.0
0.1 0.0
0.3 0.1
0.6 0.1
0.5 0.1
0.1 0.0
0.0 0.0
1.6 0.3

15 Plus
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

Total

2,0

3.0

18.1
22.4
26,2
15.4

5.7

100.0



Table 37.

Average percentage frequency of occurrence of gignificant
wave height - direction groups: Grand Isle, Block 46:
Offshore, Louisiana: 110 foot mean low water depth:

September (Glenn, 1972).

Direction 0-1.9

1.5
4.1
4.4
2.4
1.1
0.9
1.1
1.2

16.7

Significant Wave Height Groups (Ft,)

2"'3-9

2.2
6.5
7.9
5.4
2.5
1.2
1.1
1.4

28.2

4‘5.9

1.3
5.3
6.1
6.1
2.7
1.1
1.6
0.5

24.1

6-7.9

0.8
3.2
4.5
4.7

2.1
0.8
0.7
0.1

16.9

247

8‘-909

.4
1.3
1.8
2.0
1.0
0.4
g.2
0.0

7.1

10-15

0.1
0.5
1.6
2.1
0.9
0.1
0.0
0.0

5.3

15 Plus

0.0
0.1
0.5
0.8
0.3
0.0
0.0
0.0

1.7

Total
6.3
21.0
26.8
23.5
10,6

4.5

3.2

100.0



Table 38.

Average percentage frequency of cccurrence of significant
wave helght - direction groups: Grand Isle, Block 46:
Offshore Louisiana: 110 foot mean low water depth: October

{(Glenn, 1972).

Direction ¢-1.9

w
Lo

1

SE

2.3

5.8

2.5

1.2

1.0

0.5

G.8

Significant Wave Height Croups (Ft.)

2-3.9

4.0
10.0
7.0
3.2
2.1

0.7

3.0
7.8
5.8
4,0
2.3
0.7
0.7
0.9

25.2.

1.9
4.3
4.0
3.4
1.4
0.4
0.4
0.4

16.2
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4—5-9 6"7.9 8"9-9

0.7
1.7
2.5
1.9
0.6
0.2
0.1
0.1

7.8

10-15

0.1
0.8
1.9
2.1
C.3
0.1
0.0

G.0

5.3

15 Plus

0.0
0.1
0.5
0.4
0.1
.0
0.0
0.0

1.1

Toral
12.0
29.5
24.2
16.2

7.8
2.6
2.6
5.1

100.0



Table 39.

Average percentage frequency of occurrence of significant
wave height - directionm groups: Grand Isle, Block 46:
Offshore, Louisiana: 110 foot mean low water depth: December

{(Glenn, 1972).

- Direction 0-1.9

1.5

2.6

Significant Wave Height Groups (¥Ft.)
2—3-9 4"5-9 6_?-9

4.5
6.7
4.4
2.6
2.1
1.1
0.8
2.1

24,3

4.1
6.2
3.7
3.6
2.7
1.3
0.9
2.3

24,8

3.6
5.4
2.6
3.1
2.3
1.1
0.6

1.7

20.4
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8-9.9 10-15

2.1

2.7

1..7

2.2

l.é

0.8

0.4

0.7

1z.2

0.7

1.0

1.6

2.6

1.1

0.5

15 Plus

0.1 -

0.1
0.3
0.4
0.3
0.1
0.1
0.0

1.4

Total
16.6
24,7
15.5
15.2
10.7

5.3
3.4
8.6

100.0



Table 40. Intensity of offshore waves for coastal Louisiana {from
Becker, 1972).

Menth Deep~Water Power Month Deep~Water Power
January 358 July 134
February 298 August 64
March 4377 September 305
April 181 October 190
May 167 November 329
Juna 24 December 269
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Table 41. A. Variables selected for study of Louisiana coastal fish-
eries for 1962 through 1969. B. Treatment of variables
by category of relationships (Stone, 1972).

A,
VARIABLE UNIT AS A MONTHLY MEAN SOURCE*
No. Name
1 Miasissippi River Discharge cubic feetfsecond Army CoTps
2 Tide Range, Mohile, Ala., Predicred feet Tide Tables
3 Tide Range, Eupene Island, La. feet NOAMA
4 Tide Range, Humble Cil Platform, La. feet NOoAA
3 Tide Range, Bayou Rigauwd, La. feet NOAA
[ Tide Currents, Mobile, Ala., Fredicted feet/second (ebb & flood) Tide Currents
7 Sea level, Fugene Island, La. feet NOAA
8 Sea Leval, Humble 0il Flacform, La. feet NOAA
9 Sea Level, Bayou Rigaad, la. feet ROAA
1n Wind Pirection, Sourh Central La, 10° increments Clim,
11 Wind Speed, Sooth Contral La. mph Clim.
12 Alr Temperacure, Mean °F, South Central La. °F Clim.
13 Air Temperature, °F, Departure from Mean, South Central La. Coded scale Clim,
14 Alr Degree lours > 85°F, Wegative Departure No. degrce hours Clim
15 Rainfall, Mean Lacles, South Cemtral La. inches Clim
16 Rainfall, Departure from Mean, South Central La. inches Clim,
17 Water temperature Median, °C at 3017 PM:11 °C LWLF
18 Number of llburs Waler Temperature > 20°C ar 3017 PM:1l No. hours LWLF
19 Wind Direccion » Speed, firand Isle, La. Between 135° to 225° LWLF
v Fish Harvest vt Louisiana Ko. pounds harvested La. Landings
B.

No. 1 through No. 19 arve defined as independent variables and y Ls defined as the dependent variable,

Linear Relatiomships: Ny throuah X|g

Curvillnear Welationships: X12. ¥13, X14. X15s X16» X17. and Xjg (numbered Nao. 20 through No. 26}

Interactions: X2 through X5 respectively with Xg. X7, Xg. X9, Xig» X1l and ¥1g (numbered No. 27 through No. 54}
X10, %11 and X1g respectively with X12. X173, X14, and X17 (numbered No. 535 through No. &6)
X15 and X|g respectlvely with Xppo, X131, and Xjgq {numbered No. €7 through No. 72)

*

Army Corps: 1.5, Army Corps of Engineers. 'Stages and Discharges, Mississippi River and Its Outlets and
tribucaries.” U.S., Armv Engineer District, New Orleans, lLa., 1962 through 1969.

Jide Tables: 0.5, Coast and Geodetic Survey. “Tide Tables, High and Low Water Predictioms.” U.S.
Giovermment Printing Qffice, Washington, D.C., 1962 through 1969.

NUAA Data Furnishied by U.5. Department of Commerce, National Oceanic and Atmospheric Administration,
National Ucean Survey. Rockville, Maryland 20852

Tide Currents: U.S. Coast and Geodetic Survey. ''Tidal Current Tables."
Washington, D.C. 1962 through 1969.

Clim.: "ciimatological Data.” U.S. Department of Commerce, Environmental Scilenc
Environmental Data Service, Louisiana, 1952-1969, Ashville, X¥. Carclina.

LMNLF: Louisiana Wild Life and Fisheries Data, Xj7 derived from Xjg from station in Barataria Bay, La.

l.a. Landings: National Marine Fisherles Service, in conjunction with the Eouisiana Wild Life and Fisheries
fommission. Louislana Landings. Washington, D.C. 1962-1969.

U.S. Government Frinting Office,

e Service Admindetration,
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Table 42. Analyses of variance for Louisiana's coastal fishery, 1962-
1969, using 72 variables for straight forward regression

and correlations between

observed and predicted data (Stone,

Sums of Squares

Mean Sguzra

396,489,101,160
13,648,769,024

410,137,870,185

Probability, F

1972).
_ Degrees of
Source Freedom

Regression 72
Error 22
Corrected Total 94

¥ Value

8.9

0.0001

5,506,793,072

620,398,592

R-Squarsa

0.97

Correlation Coefficients (Between observed and predicted fishery harvest
at p = 0.0001)

All Data

May through September
April through September
April through October
October through March

October through April
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0.95
0.93
0.96
0.96
0.54

0.57



Significant variables* and their R-square values for fisheries

harvest off Louisiana,

Table 43.

1962 through 1969, as identified by
ing (A) General Foods (GF) and (B)

stepwise regression us

{Stone, 1972).

Statistical Analysis System (SAS) programs
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Table 44. The acreage of marsh zones and vegetative types in the
Loulsiana coastal marshes, August, 1968 (Chabreck, 1970).
Marsh Vegetative Types
Zones Saline Brackish  Intermediate Fresh Total
“ = ww == w e = Thousands of ACTES = = = = @ w = = &
Cheniler
Plain 47.3 364,9 354.6 425.1 - 1,191.9
Sub-delta 868.5 907.0 224.,9 744.,9 2,745.3
Active
Delta 15.6 23.1 106.8 129.4 274.9
Total 931.4 1,295.0 686.3 1,299.4 4,212,1
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Table 45A. Plant species composition of vegetative types in the
Louisiana coastal marshes (Chabreck, 1972).

-

Yerofative T2

Species Saline Brackish intcrmndiats Trash
-------------------- Porcent —-=arm-su---wmmsmoos

Acnida alzbamensis - - .10 .30 .2
Aecchyromens virginica - - - - - - ey
Alternanthera philexevroides -- - - 2,47 5.34
Aater sp. - - .08 L5 13
Avicennia nitida .60 - - - - - -
Azplla carclinicnma - - - - - .13
Baccharis halimifelia - - .10 .56 .42
Bacepa caroliniana - - - - .28 T34
Baensa monnierl - - 92 L.75 L.ss
Baccpa retundifolia - - W11 .32 - -
Batis marib’ma L.41 - - - - - -
Sidens laevis - - - - - - .38
Barrichiz frutescens .67 11 - - - -
Praseniz schreberi - - - - - - .37

steosa crvoliniana - - - - - - fl
Carax 5p- - - - - - - 7
Cantella erecta - - - - .16 .12
Cephalaunthus occidentalls - - - - - - .22
Cerctophyllum denersun - - - - - - 1.50
Cledium jancicense "= - - - - L85
Cologasia antiguorun - - - - - - .39
Cuscuta indecora - - 02 - - - -
Cynodon dactylon - - - - - - .10
Cyperus compressus - - - - - - .02
Cypurus cdovatus - - .8 2,18 L1
pouhentonina texana - - - - 0. .17
Decodon verticillatus - - - - - - W31
Dichrorana coloraia - - - - - - .03
Distichlis spleata 14.27 13.32 .36 .12
Dryopieris thelypteris

var. haliana - - - - - - LA
fchinoehlea walterd - - .36 2,72 77
Eichornia crassipes - - - - - - 1.-
Eleccharis parvula - - 2.46 .49 3%
#leccharis sp. - - .62 3.28 19,9
Eupatorium capillifolium - - -- - - .5
Ffupatorium §p. - - .- .08 .03
Fixbristylis castanea .04 31 .12 - -
Gerardia maritima .01 .08 - - - -
Helioiropivm cuvasscvicunm - - .02 - - e -
Hibiscus lasioccarpus - - - - .10 .05
Hydreeotyle bunariensis - - - - - - .02
iiydrocotyle tanunculoides - - - - - - .11
Hydrocotyle umbellata - - - - - - 1.93
Hymenocallis occidentzalis - - - - .04 14
Hypericum virginicum - - - - - - .07
Izcmosza stolonifera - - .- - - .03
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Table 45B. Plant species composition of vegetative types in the
Louisiana coastal marshes (Chabreck, 1972).

¥egerative Type

Species Saline Brackish Intetmediate Fresh
-------------------- Per¢enl -—-cee-vmmmmmnaaaa
Ipcmeea gagittata - - Bk B4 -19
Iva {rutescens .03 .10 " - - -
Juncus eZfasuys - - - - - - .11
Juncus rocmerianus 10.10 3.93 .72 .80
Jussiaea diffusa - - - - - - 24
Jussiaea sp. - - - - - - B4
Kosteletzkrya virginica - - .02 .18 .07
Lemna ainor - - .02 .16 2.31
Leptechloa fascicularis - - .32 2.17 .49
Leptochlea filiZormis - - " - .04 - -
Lirnobiwm spongia - - - - - - .16
Lippia nodiflore - - - - - - .b&
Lycita careliniamm .07 - - - - - .
Lythrum lineare .0 .16 .18 .07
Myrica carifera - - - - - - .16
Myriophyllum spicatum - - .15 Ll 1.56
Myriophyllum heterophyllum - - - - - - .19
Hajas quadalupensis - - - - 1.0 1.07
Nelumbo lutea - - - - - - .54
Yymphasa odorata/tuberosa - - -- - - 1.15
Syaphoides aguaticum - - - - - - .11
Osnunda regalis - - - - .16 .43
Otteiiz alismoidas - - - - - - .03
Panlcum hemitezon - - - - .16 25.62
Panisum repens - - - - .92 .24
Panicum vizgatun - - .14 2,51 45
ranlcum sp. - - - - - - 10
Paspalum dissectum - - - - .40 .42
Paspalum veginatum - - 1.38 4.46 .35
Philcxerus vermisularis - - - - .08 .01
Prragaicas communis - - .31 6.63 2.54
Pluchea fcetida - - - - - - .02
Pluchea camphorata - - .87 2,26 .36
Polvyzonum Sp. - - - - - - .56
Pontedzria cordata - - - - - - .07
Potamogeton nodosus - - - - .28 .03
Potanogeton pusillus - - - - .24 .62
Raopia maririma - - 3.8 .64 - -
Sacciclepia scriata - - - - - - .06
Sagittaria falcacta - - - - B.47 15.15
Sagittaria latifolia - - “ o= - - .21
Sagietaria platyphylla - - - - - - .23
Sagittaria sp. - - - - .08 - -
Salicornia bigelovii .13 - - - - -
Salicernia virginica .63 - - - - - -
Salix nigra - - - - - - .06
Saururus cernuus - - - - - - .16
Scirpus americanus - - - - 1.27 .13
Scirpus californicus - - - - 1.83 42
Scirpus olneyi - - L.97 3.26 45
Scirpus robustus .65 1.78 .68 - -
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Table 45C. Plant species composition of vegetative types in the
Louisiana coastal marshes (Chabreck, 1972).

Yepetacive Tvpe

Species Saline Brackish inrermediate Fresh
-------------------- Percenk =-=-----sm-w--e-o--=
Scirpus validus " - .08 - - - -
Szzbania exaltata - - .06 .20 - -
Szivvion poriulacastruam - - 04 - - - -
Se glauca .- .06 - - - -
e oanna - - - - - - 03
§olidagoe sp. - - - - .04 .08
g na alterniflora 62. 14 4. 77 -1 -~
3 & cynosureides . = .89 1.1% .02
3 2 peters 5.%9 55.22 34,00 3.
S a spertinaae .01 .04 1.648 - -
3 i - - - - - - .20
s .23 - - - - - -
- R - - .02 - -
- o .. S an
s - - - - .98 1.57
- - - - - - 1.628
gl zleria subulata - - - - - - .21
Jal fa americana - - 03 - - -
- - 1.20 1,85 1.43
- - .- - - 2
Zizinirzsis miljacea - - - - - - 1.20
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Table 46. Published reports of major plant species of vegetative
types within the active delta marsh zone (chabreck, 1970).

Species

Vegatative Types

Brackish

Intermediate

Alternanthera
philoxeroides

Bacopa monnieri

Ceratophyllum demersum

Distichlig spicata
Eichornia crassipes

Juncus roemerianus

Lemna minor

Myriophyllum gpicatum
Panicum repens

Phragmites communis

Scirpus americanus

Scirpus robustus

- Spartipa alterniflora

Typha latifolia

a,c,d

a,d a,b,c,d

c,d

a,d

a,b,c,d

Reported by:

(a) This report (Tables 12, 13, and 14).

(b) Brown (1936)

(c) Lloyd and Tracy (1901)

(d) O'Heil (1949)

258



Table 47. Published reports of major plant species of vegetative
types within the inactive delta marsh zone {Chabreck,
1970).

Vegetative Types
Species Saline Brackish Intermediate Fresh

Alternanthera
philoxeroides d,h

Avicennia pitida b,g,]

Cladium jamaicense k,J d,h
Distichlis gpicata a,b,g,h,] a,f,i,]3
Juncus roemerianus a,b,d,g,h,] a,c,i,]

Panicum hemitomon a,d,h

Sagittaria falcata a a,j
Scirpus californicus b h,j

Scixpus olneyi c,e, f,g,h,1

Spartina alterniflora a,d,g,h,]

Spartina cynosuroides ) £,i,] a

Spartina patens a,b,d,h a,c,e,f£,8,h,1,]

Typha latifolia d,h,]j
Vigna repens 4 a

Sources of information:

(a) This repoxrt (Tables 11, 12, 13, and 14)
(b) Brown (1936)

(¢) Chabreck and Hoffpauir (1962)

(d) Eggler (1961)

(e) Harris and Chabreck (1958)

(f) Harris and Webert (1962)

(g) Lemaire (19€1)

(h) O'Neil (1949)

(i) Orton (1959)

(j) Penfound and Hathaway {1938)
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Table 48.

Acreages of the subdivision of hydrologic units of the

Louisiana coastal marshes, August, 1968 (Chabreck, 1970).

Type of Area

Hydrologic Unit

I IT III IV v
————————————— Agres = =~ -~ = = = = = = = = o =

Marshes:

Natural marsh 261,198 143,850 81,738 469,311 583,101

De-watered marsh 18,300 2,373 -— 27,748 18,226
Water Bodies:

Ponds and Lakes 603, 306 49,517 95,391 292,056 228,390

Bays and Sounds 1,019,066 212,260 122,625 108,841 320,082

Bayous and Rivers 26,040 5,888 17,004 43,795 16,965

Canals and Ditches 9,234 7,075 12,476 5,198 9,365
Swamp -—- -—- -— 15,419 22,853
Dry Land? 263,835 27,108 27,234 327,428 202,172
Total 2,200,979 448,071 356,468 1,289,796 1,401,154

Hydrologic Unit
Type of Area VI VII VIII IX Total
------------- Aeres — = — — — = — = = = = = -

Marshes:

Natural marsh 40,554 271,087 396,353 212,362 2,459,554

De-watered marsh - 4,511 54,773 39,858 165,789
Water Bodies:

Ponds and Lakes 20,825 33,904 230,747 228,552 1,782,688

Bays and Sounds 64,668 332,127 —— -—— 2,179,669

Bayous and Rivers 3,288 4,781 4,174 3,262 125,197

Canals and Ditches 1,095 5,328 3,849 3,855 57,475
Swamp 21,920 3,256 - -— 68,448
Dry Land? 4,383 54,204 26,456 51,746 984,566
Total 156,733 714,198 716,352 539,635 7,823,38

aincludes active beaches, cheniers, spoil deposits, ridges

lake banks.
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Table 49. Acreages of subdivisions of vegetative types in hydrologic
unit ITI of the Louisiana coastal marshes, August, 1968
(from Chabreck, 1970).

—Vepetative Tvpe
Type of Area Saline Brackish Intermediate Fresh Non-marsh
------------ AGLE8 - =~ = = = - - = = = - =

Marshes:

Natural marsh - - 17,039 36,324 28,375 -

De-watered marsh - - - - - - - - -
Water Bodies:

Ponds and lakes - - 10,231 10,231 74,929 - -

Bays and sounds 11,336 85,160 18,180 7,949 - -

Bayous and rivers - - 1,141 4,427 11,336 - -

Canals and ditches - - 4,527 4,527 3,422 - -
Swamp - - - - - - - - - -
Dry Land® - - - - - - - - 27,234
TOTAL 11,336 118,098 73,78% 126,011 27,234

81 ncludes active beaches, cheniers, spoll deposits, ridges and elavated bayou
and lake banks.
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Table 50.

Acreape of subdivisions of vegetative types in hydrologlic
unit IV of the Louisiana coastal marshes, August, 1968

(Chabreck, 1970).

prm——

Vacatativn Tepe

Type oi Area Saline Brackish  Intermediate Fresh Non-marsh
- T- - - - eI Acres - =~ = = = = v e e a s - e~
Marshes:
© Watural marsh 144,214 125,296 20,084 179,717 - -
De-wvatered marsh - - . - - - - - 27,748
Water Bodies:
Ponds and lakes 61,547 96,920 3,498 130,091 - -
Bays and sounds 108,841 - - - - - - - -
Bayous and zivers 14,253 11,791 3,498 14,253 - -
Canals and ditches 2,332 1,166 200 1,500 -
Swamp - - - - - - “ - 15,419
Dry Land? - - - - - - - 327,428
TOTAL 331,187 235,173 27,280 325,561 370,595
%Includes active beaches, chenisrs, spoil daposits, ridges and clevated bayou
and lake banks.
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Table 51. Acreage of subdivisions of vegetative types in hydrologic
unit V of the Louisiana coastal marshes, August, 1968

(Chabreck, 1970).

Type of Area

Vegetative Type

Saline Brackish

Intermediate Fresh Non-marsh

Marshes:

Natural marsh
De-watered marsh

Water Bodies:
Ponds and lakes
Bays and sounds
Bayous and rivers
Canals and ditches
Swamp

Dry Land?

TOTAL

- e Em E e = = o

184,086 135,996

99,403 68, 559
268,768 39,958
7,992 5,608
1,122 2,243

- - - -

561,371 252,364

37,714

55,879

225,305 - -
- - 18,226

55,941 - -
2,243 - -
4,800 - -

- - 22,853
- - 202,172

288,289 243,251

%Includes active beaches, cheniers, spoil deposits, ridges and elevated bayou

and lake banks.
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Table 52. Plant species composition of vegetative types in hydrologic
unit IIT of the Loulsiana coastal marshes, August, 19682
(Chabreck, 1970).

Vegetative Typeg

Species Saline Brackish Intermediate Fresh

--------- Percent- ~ - - - - - - -
Alterpanthera philoxeroides - - - - 2.60 8.69
Bacopa monnleri - - - 10.41 - -
Cyperus odoratyg - - - - - - - -
Distichlis spicata - - 8.54 - - - -
Echinochloa walteri - - - - 1.49 - -
Ejichornja cragsipes - - - - - - 5.53
Eleocharis parvula - - 2.85 - - - -
Eleogharis sp. - - - - 3.12 - -
Lempa minox - - - - 7.85
Myriophvllum spicatun - - - - 4.09 25.29
Panicup hemitomon - - - - 2.97 - -
Panicum xsm - - - - 8.55 3.95
Fbragmites comuunls - - 10.82 43.64 37.30
Pluchea camphotata - - - - 2.16 - -
Potapogeton pusilius - - - - 1.49 2.90
Ruppis meritime - - - - 1.49 - -
Sagittaria falcata -- .- 4.09 - -
Sagittaria platyphylla - - - - - - 3.69
Saypurus cermwes - - - - - - 2.11
Scirpus americanus - - - 3.72 - =
Scirpys robustus - - 7.59 - - - -
Scizpus validus - - 3.79 - - - -
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Table 52. (con't)

Vegetative Types

Species Saline Brackish Intermediate Fresh
--------- Percemt- - - - - -~ - - =
Scartiva altezpiflora - - 58.44 6.17 - -
Soartina patens - - 6.64 1.49 - -
Spirodela polvrhiza - - - - - - 2.69
Other Species? - - 1.33 2.52 - -

a - 1
Includes only natural marshes

®Includes only plants making up less than 1.00 percent of the species composition
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Table 53. Plant species composition of vegetative types in hydrologic
unit IV of the Loulsiana coastal marshes, August, 19682
(Chabreck, 1970).

Vegetative Types

Species Saline Brackish Intermediate Fresh
-------- Percent - - - = = = - - =
Alternanthera philoxeroides - - - - - = 3.43
Bacopa monnieri - - - = 23,97 1.82
Batis maritima 3.08 - - - - - -
Cyperus odoratus - - - - 5.34 3.21
. Decodon verticillatus - - - - - - 1.16
Distichlis spicata : 10,03 28.96 3.05 - -
Echinochloa walterti - - - - - - 2.15
Eichornia crassipes - - - - - - 1.99
Eleocharis parvula - - 5.49 -- --
Eleocharis sp. - - 1.40 2.29 12.31
Ipomoea sagittata - - - - 1.53 - -
Juncus roemerianus . 14,90 3.26 - = - -
Panicum hemitomon - - - - - - 41.35
Pluchea camphorata - - - - 16.79 - -
Polygonum sp. - - - - - - 1.60
Sagittaria falcata -~ = - - 3.82 17.42
Salicornia virginica 1.19 - - - - - -
Scirpus olneyi - - 2.26 - - 1.48
Spartina altermiflora 62.79 9.03 - - - -
Spartina patens 7.77 45,84 4£1.99 - -
Typha spp. - - - - - - 2,59
Viena repens - - - - - - 1.16
Zizaniopsis miliaceae - - - - - - 1.36




Table 53. {con't)

Vecatative Types

Spacies Saline Brackish Intermediate Fresh
--------- Percent = - - ~ = = = =
Other Species® .22 3.76 1.22 6.97

8faciudes oaly natural marshes

biscludes oaly piants making up less than 1.00 percent of the spacies composition
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Table 54. Plant species composition of vegetative types in hydrologic
unit V of the Louisiana coastal marshes, August 196823
(Chabreck, 1970).

Vegetative Types

Species Saline Brackish Intermediate Fresh
--------- Percent - = « - - - - -
Alternanthera philoxeroides - - - - - - 2,42
Aster sp. - - - - 1.12 - -
Avicennia nitida 1.52 - - - - - -
Bacopa monnieri - - - = 3.72 2.73
Batis maritima 6.58 - - - - - -
Cyperus odoratuas - - 2.31 2.98 1.92
Decodon verticillatus - - - - - - 1.10
Distichlis spicata 11.66 13.09 1.86 - -
Dryopteris thelypteris - - - - - = 1.43
Echinochloa walteri - - - - 2.60 - -
Eleocharis sp. - - 1.93 1.27 18.03
Hydrocotyle umbellata - - - - - - 4.32
Ipomoea sagittata -~ - - 1.12 - -
- Juncus roemeriangs 3.69 - - - = - -
Leptochloa fascicularis - - - = 9.23 - -
Naias quadalupensis - - - - 3.35 - -
Osmunda regalis - - - - 1.49 - -
Panicum hemitomon - - -~ 4.09 42.17
Paspalum vaginatum - - - - 2.98 - -
Phragmites communis - - - - 1.49 - -
Pluchea comphorata - - - - 3.12 1.19
Sagittaria falcata - - - - 2.45 7.67
Scirpus olnevyi - - 6.57 7.07 - -
Scirpus validus - - 1.50 - - - -




Table 54. (con't)

Vegetative Types

Species Saline Brackish Intermediate Fresh
- - -~ Percent - - - - - - - -
Spartina alternifiora 67.73 2.08 - - - -
Spartina cynosuroides - - 1.13 - - - -
Spartina patemns 6.81 63,39 34.23 1.22
Typha spp. - - - - 5.95 1.58
Vigna repens - - 4,08 7.07 1.04
Zizaniopsis miliaceae - - - - - - 3.18
Other species? 2.01 3.92 2.81 10.00

a
Includes only natural marshes

bIncludes only plants making up less than 1.00 percent of the species composition
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Partial list of the major primary producers in the Barataria

Table 55.
Bay, Louisiana (Day et al., 1972).
sperms Epiphytie diatoms Benthic diatoms Phytoplankton
Spartina alterniflora Amphiprora Amphors Herismopedia,
S, patens Amphorsa Dentiecula Actinoptychus
Avicennia germina A. angusta Diploneds Biddulphia
Distichlis spicata Camphylodiscus D. interrupta Chaetoceros
Juncus reemerjianus Coceonels Gyrosigma Coscinndiscus
Batis maritima C., diseuloiden Naviecula directa Ceratium fusus
Salicornia C. disculus Nitzachia C. hircus
C. placentula Opephora €. trichoceros
Cylindrotheca fusiforma Paralia C. tripos
Benthic macrophytes Denticula Arphiprora €, wultur
Diplonels bomwbus Calonels Dinophysls caudata
Enteromorpha flexucsa Gyrosigma terryanum Mastogloia Gonyaulax menilata
E. intestinalis Hantzschia Pleurosigma Peridinfum
Ectocarpus Navicula Surirella Prorotentrum gracile or micans
Bostrychia rivularils Niteachia Cylindrotheca closterium  Prorocentrum mesclmun
Polysiphenia havanensis N, paradoxa Skeletonema
Ulva lastuca Pleuros Miylum brightwellii
Thalassionsma

Gracilaria foliifera
Cladophora repens or
Cladophora gracilis

Benthic cyanophyta

Oseillatoria
Lymgbya
Spirulina
Chroorococcus
Merismopedia
Anacystis

Rhopaledia gibberula
Surirellz amoricans
Grarmatophora marina
Meloalra distans

Iathmia nervesa
Cylindrotheca olosterium
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Table 56. Primary production in the Barataria Bay, Louisiana, in
g dry wt/mé/year (Day et al., 1972).
Production Consumer Community Net
MARSH Gross Net¥® Respiration Production
Grass:
Streamside 14,000 2,960 - ——
Inland {50 m) 9,750 1,484 — -
Average over marsh §,418%% 1 ,518%% T54%* THh**
Epiphytes:
Streamside 103.9 - - 60
Inland (2 m) 27.3 —- - -18.4
Average (to 2 m) 32.2 25.8 - -
Total: 764
Production Community Net
WATER Gross Net* Respiration Production
Phytoplankton 598 418 - -
Renthic Plants 698 488 - —-
Water Column# -— - 450 -
Benthos and Nekton -— - 798 -
Total: 1296 306 1248 48

*Net production is less respiration of plants
*%Takes into consideration bare areas on marsh

#Phytoplankton, zooplankton, and bacteria
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Table 57. Components considered in the marsh-estuarine system
(Day et al., 1972).

PRODUCERS
Anglosperms
Epiphytic diatoms
Benthic Macrophytes
Benthic diatoms
Phytoplankton

CONSUMERS
Marsh

Bacterla, Fungae
Meicfauna
Snalls
Crabs
Polychaetes
Modiolus
Insects
Birds and mammals

Subnerged Sedlmants
Mlicroblota
Meiobenthos

Water
Bacteria
Zooplankton
Blue crabs
Brown and white shrimp
Oysters
Fish
Blirds
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Table 58. Bacterial populations in various habitats of the marsh-

estuarine system in Barataria Bay.

over the year.

techniques (Day et al., 1972).

Numbers are average

From standard dilution and plate

% Moisture # Cells/g dry wt or ml H,0
Spartina - top 35 15.7 x lO8
Spartina — mid portion 66 30.0 x 108
Spartina - bottom portion 94 30.0 x 109
Marshland soil 66 6.6 x 108
Submerged sediment 73 4.8 x 106
Water - 9.5 x 104
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Table 59. Distribution of marsh fauna in Airplane Lake, Louisiana
(Day et al., 1972),

average

Crganism Distance into Marsh from Waters Edge biomass
shore 3m 10m 20m S0m 300m to 50 m

Polychaetes
Aug, 0 0 1/22  ,2/8 4/36 3/16 0 4891
Oct. .2/3 .22/20 0 .29/10 ,34/20 O .3364
Dec. L69/40  L47/12 L07/h O 0 0 .1250

X=.31
Meritina
Aug. 0 0 1.2/35 1.3/200 .8/20 0 9743
Oct. .07/4 0 1.4/28 1.6/52 .25/ O 9411
Dec. 0 .08/, © 6.9/136 .4/8 0 2,8857

R =1.%
Sesarma
Aug. 7.9/4 5.8/8 0O 0 0 0 .8764
Oct. 0 3.6/8 4.2/8 .03/4 O 0 1.1251
Dec. 1.1/4  5.5/2 0O 0 0 0 .4688

X = ,8234
Fiddler
Aug. 3.0/8 14.8/20 4.7/8 1.8/4 O 0, 3.0107
Oct. 0 1.7/ 6.7/8 2.1/2 7.5/12 0O 4.4L743
Dec. 0 L.7/8 0O 0 0 0 L6407

xR =27
Blue Crab
Aug, ) 0 0 0 0 0 0
Cet. 0 2.75/8 0 .02/2 L016/4  © .5783
Dec. .0188/4 0 0 0 0 0 .005

x = ,1927
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Table 59. (con't)

average
Organism Distance into Marsh from Waters Edge biomass
shore 3m 10m 20m 50m 300m to 50 m
Littorina
Aug. 2.8/23 6.3/52 4.9/36 16.9/112 0 0 8,439
Cet. 3.6/32 7.6/76 6.3/52 10.0/76 O 0 5.9991
Dec. 0 1.1/8  8.9/5 6.7/40 O 4] L. 4067
% = 6.2817
Yelampus
Aug. 1.2/316 3.56/688 L.1/444 1.3/208 6,1/1088 4.3/680 3.5675
Ocz. 1.1/112 2.4/497 1.6/216 0.4/108 1.4/284 .7/52 1.1724
Dec. 6.2/68 3.3/600 1.6/176 .14/16 .07/28 O .B751
% =1.8716
Yodiolus
sug. 0 3.5/6L 5.6/148 0.6/24, 2.0/80 O 2.3457
e, .5/ L.8/4L .9/12 6.3/64 3.4/712 O 4,3587
Dec. 1.4/36 9.5/40 3.3/16 3.0/20 © 0 2.8076
X = 3.1706
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Table 59. (con't)

average
Organisn Distance into Marsh from Waters Edge biomass
shore 3m 10mn 20 50m 100m te 50 m
Neritina
0 0 0 0 .2/16 .3129
Sesarma
3.2/, 0 0 0 o .1251
Fiddler
3.2/20 34.9/80 11.7/20 5.6/16 1.3/4 8.5122
Littorina
3.6/40 2.9/40 13.3/148 9.8/80 13.5/88 10.3587
Melampus
.2/28  1.4/392 3.1/672 1.3/240 0.2/20 1.2100
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Check list of fishes of the Caminada Bay, Louisiana (Wagner,
1972).

Fable 60.

Class Chondrichthyes
Crder Sgqualiformes
Carcnarhinidae-Requiam Sharks
Fhizonrionodon terraenovae-Atlantic Sharpnose Shark

Carcharhinus leucas~2ull Shar

Crdzr Railiformes
Dzayztidae-Stingrays
Dasyatis sabina-Atlantic Stingray

Class Osteichthyes
Grder Sealonotiformes
Levisosteidae-Gars
Lepnisosteans oculatus-Spotted Gar
lepiscstaus platyatomus-Shortnose Gar
Lepisosizus apatula-Alligator Gar

rder Elopiformss
Elopidae~Tarvons
Elops saurus-Ladyfish

Crder Anguilliformes
Congridae-Conger ZXels
Cengrina flava-fellow Conger

Oph*cﬁthidaiisﬁaka—jels'
Ophicnthus gomesi-Shrimp Eel

Order Clupaiformes

Clupeidae-Harrings
Alosa chrysozhloris-Skipjack Herring
Bravoortia patronus~-Culf Menhaden
Torosorma cepedianuu=Gizzard Shad
Do~msoma pehznanse-Threadfin Shad
Paronzula pensacolza=Scaled Sardine
Coisbronsma ozlinum-Atlantic Thread Herring

Sardinella anchovia-Spanish Sardine

Engraulidae-dnchovies
Anchoa h2usetus=Striped Anchovy
Ancroa lyolzpis-Duaky Anchovy
Anchoa mitchilli-Bay Anchovy
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Table 60. (con't)

!
—

er Mycbophiformes
r“cconuldae—leardfishes
synodus foatens-Inskore lLizardfish

,-.|
L
P
=
e

Coder Silurifornes
ariidas-S=a Catfishes
Tzare marinus-Gafltorsail Catfish

Ariusg falis-3ea Ca:fls

ictaluridae~Freshwater Catfishes

Cradf Sa R SRR e Catfisn
Zatracroididas-Toadfishes
Upsanus beta-Gulf Toadfish
Porichthys-porogissimus-Atlantic Midshipman

rdar Gobissociformes
'Gobiés gidaexflingfishas
iz2so0% stromosus-Skilletfish

Crder Lophiiformes
Antennariidae~Frogfishas
His-rio histrio-Sar -gassumfish

Crdar Cadiformes
adidaz-Codfishes
Uropnzecis floridanus-Southern Hake

hidiilidae-Cusk-Fels + 3rotulas
_eoaohidlum grazlisi-3lackedze Cusk-sel
Gantarichthys longipenis-Cold Brotula

Crder Atheriniformess
Ixocostidae~-Halfbeaits and Flyingfishes
Hyogrhamous rnifasciatus-Halfbeak

Hirvndichthys rondelisti-Blazkwing Flyingfish

t

rongylura marina-Atlantic Needlefish

Cyorinodontidae~tillificshas
adsnia xenica~-Diamond Killifish
C]“”l“ldon variegatus—oheepshead Minnow
Fundulus conflusntus-Marsh Hjliifisn
Fundalns grandis-~Gulf X311ifish
rondalus similis-Tongasse Killifish
Lucania parva-Rainwater Killifish

Poeriliidaea-Livebearers
Candusia alfinis-Mosguitofish
Somzilia laal *1na—5311f1n lolly




Table 60.

(con't)

Abnerinidase-Silversides
Vambras martinica-Roush Silverside
Wenidia baryilina-Tidewater Silverside

Crier “asterosteiformes
;"rg“, hidae-Pipafishas + Seahorses
s floridaz-Jusky Piparfish
o = .
somaznathus louisianas-Chain r;peflsh
Syagnathus scovelii~Gull Pipafish

der Perciformps

Centroprlstes nnlladelohica;-ﬁock Sea Bass

Pomatomidae-Bluafishe
Pomaboans saliatris w31ue ish

Carangidae-Jacks anZ Forpanos
Caranx hiopos-Crevalle Jack
Caranx iatus-Horse-eye Jack
Chloroscomorus chrysurus-Atlantic Bumper
Oligoniites saurus-Leatharjacket
Salenz vomar-Lookdown
Trachinobus carclinus-Tlerida Fompano
Trachinovus falcatus-Permit

:

Vomzr setipinnis-Atlantic Moonfish

Coryphaenidae-Colphins
Coryphasna equisetis-Pompanc Dolphin

Luyianidas~Snappers
Luuganus griseus-Gray Snapper
Tut janus synagrls-Lane Snapper

Lobozidae-Tripletails
Lobabes surinamen3ais-~Trinlstail

Garreidae-iojarras
Teinnztonus arzenteis-Saatfin Mojarra
Y- inoshomu3 gula-Silver Jenny

Eachfcenzrldae—uoblis
Bachvroant Fon ecanadun~Cobla

P A= R I B o

Orthop=istis chrysoptera-Pigfish
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Table 60Q. (con't)
Svcaridas-Yorgles
4rchosarczus probatocechalus-Sheepshead
Lagoden rhomboides-Pinfish

Zeia=nidas~-Orums
Bzirdiella chrysura-3ilver Perch
Cinoscion arenarius=Sand Seatrout
Cynoscion nebulosus-Spotted Seatrout
Larimas fasciatus-Banded Drun
Leiostonus xanthurus-3Spot
Menticirrhus american:s=So:tharn Kingfish
Micropozon undulatus-:tlaniic Croaker
Pozonias cromis-Biack Drum
Scianops oc=llata=Red Drum
Hanshicirrhus littoralis

]
-
-
by
—

Ephippicae-Spadefishes
Chastodipterus fabar-Atlantic Spadefish

Mugilidae-Mullets
Muzil cechalus=Striped Mullet
Mugil cursma-white 10z

—

Sphyraenidae-Barracudas
Sphyrasna guachancho-Guaguanche

Polynemidae-Threadfins
polvidactylus octonamis-itlantic Threadfin

Uranoscopidae-Stargazers
ASLrozcopus z-graecum—Southern Stargazer

Blenniidae=Combhooth Blennies
Hypsoblennius icnthas-Freckled Blenny

Eleotridae-Sleepers
Dormitator maculatus-rat Slesper
Bleowris piseaig-Spinycheex 3leeper
Gogfote}iﬁigﬂi;ﬂgdn% clyiratum-Fasrald Sleeper
Cabioidas hroussonnatii-Violat Goby
Cobionellyys boleosoma~Jarter Goby
Gobionellus hastatus=-onarptail Goby
GCobicasoma bosci-laked Zoby
Cobio3omi robustun=Lols Gobty
Mierozooius gulosus=Clown Gobyo
Mierogobius thalassinus~Green Goby
Cobicnellua shufeldtiefreshwater Goby

Tvorthodus lvricus-lire F00Y

Trichiciridae=utlassPishes
Prisninrus lepturus-itlantic Cutlassfish
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Table 60. (con't)

comaridas-Mackerels and Tunas
Sucma-rOﬂoras cavalla-¥ing mackerel
Ssombhzrozorus maculabus-Spanish Mackerel

aratsidae-Butterfisres
aprilus alepidotus-Harvestifish
arilns burti-Gulfl Butterfish

Triglidae-Searobins
Friovnotus tribulus-Bighead Searobin
Prionotus roseus-Blusspoited Searobin

Pyinonotus rubio-Blackiin Searobin

Crder fleuronectiforames
Bothidae-Laefteve Flounlers
Jnn7lopsetta guadrocellata=0cellated Flounder
ui*? arichihys spiloptarus-Bay Wniff
roaus crossotus-Frﬁnged Flounder
liehthys alblcutta-Gnlf Flounder
ali cnthys lethostigna-Southern Flounder

e
L1

Fa
£a

-
=
-
AT

Soleidze-~Scles
Achirus lineatus-Lined Sole
Trinsctes maculatus-Hogenoker

Cynogloszsidae~Tonguefishes
Symphurus plagiusa-Blackchesk Tonguefish

Order 7ztracdontiformes
Balistiidae~Triggerfishes and Filefishes
Aluterus schoepfi-~Orange Filefish

Tatraosdontidae-Puffers
Sghoaroides nephelus~Southern Puffer (also Sphoeroides parvus)
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Table 61, Dominant fishes in Caminada Bay, Louisiana (Wagner, 1972).

Species

Anchova mitchilli

Brevoortia patronus

Leiostomus xanthurus

Micropogon undulatus

Aries felis

Total

Number

52,633
14,782
5,786
5,300
2,166

Avg. No.
per Trip

2392
672
263
241

98

% Total Total

Area Biomass % Total

Number Riomass per Trip Riomass
65.1  34201.4 .27 11..4
15.4  23012.9 .14 1.7

6.0 20404.7 .13 6.8
5.5 22949.2 .13 7.1
2.2 52539.2 .34 17.6
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Table 62. Total length range in millimeters for 6 most abundant fishes
per trip in Caminada Bay, Louisiana (Wagner, 1972).

Bay Sea Atlantic White

Trip Date Anchovy Menhaden Catfish Croaker Spot Trout
1 3/26/71 L6-85

? L/16-17/7L 28120

3=l 5/1&7/71 31-1l5

5 5/25-26/71 29-76 Lo-247 Th~385 51-132 75-171 60-87
6 6/14-16/71 19-74 38-20k 102-377 61=225 85-202 33-120
7 7/7-8/71 28-71 L2=137 116-298 76210 97=123 26-128

8 7/28-29/71 22-75 76~218 61373 96~-185 107-202 16109

9 8/28-29/71 19-68 90-130 61=350 146-210 157-228 55-16l
10 9/21-22/11 21-7h 69-185 52-104 116=185 --- 26-115
11 10/1k~15/71 20-75 149-179 75~335 141-150 139-210  51-132
12 11/L=5/71 19-80 69-161 78+323 11-195 143-185  62-156
i3 11/23/71 16=-72 —— 77-153 11-50 140-1%h  95-100
1 12/16/7} 26-79 -—— 82-L420 11-65 145 -
15 1/12-13/72 2L=75 22261 16-90 36-51 -
16 2/2/72 21-75 25-108 S 11-105 L3-173 an-
17 242u/72 3480 29-190 75=362 16-125 18-163 —
18 3/14-15/72 27-79 28216 219-359 16-113 27-95 —
19 L/uf12 31-80 25-51 30-L52 16-135 35-105  27=33
20 1/?9-30/12 17-92 35-210 99320 29-170 50-180 3159
21 5/17-18/72 18.80 60235 113-37C L41-150 65-1k9  63-82
22 6/1-8/77 17-79 3E-65 102-150 50228 75-124 6713k
23 6/28-29/72 17-79 37-97 113-1385 71216 81157 LO-132
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Table 63. Total number of 6 most abundant fishes per trip (all gear)
in Caminada Bay, Louisiana (Wagner, 1972).

.

Bay Sea Atlantic White & Total
Trip Date Anchovy Menhaden Catfigh  Croaker Spot Trout  Number
1 3/26/11 L559 95 20 259 425 0 99.03
2 L/16-17/71 2199 28 I 78 277 0 97.75
3-i4 5/1-7/71 1872 192 S 258 189 68 9L.83
5 5/25-26/71 1248 12 64 305 L5 75 88.78
6 6/1L-16/71 1065 L438 32 56 27 63 91.94
7 7/1-8/71 835 247 20 L7 8 61 19.8?
8 7/2 8-29/71 5568 10 L3 28 11 69 93,53
9 8/28-29/71 7L93 ik 1288 10 10 9 8L.238
10 9/21-22/71 927 3l 98 8 0 LS 40,50
11 10/1k-16/71 16h6 6 129 2 16 18 §1.722
12 11/h4-5/71 2589 56 218 L6 L3 18 92,12
13 11/23/71 558 0 2 164 8 3 72.84
W 12/16/71 1116 0 5 673 1 0 96,58
15 1/12-13/72 1240 207 N 255 48 ) 66,32
16 2/2/12 125 é5 0 210 28 0 70.91
17 2/24/72 1931 175 36 Sho 571 0 95436
18 3/1u-15/72 5079 7946 3 u76 254 0 99.10
19 L/L/72 4555 861 48 608 535 2 97.50
20  L/29-30/72 1081 57 9 705 533 7 89,10
21 5/17-18/72 1300 31 L8 397 451 1k 93.2
22 6/71-8/12 972 308 53 108 L8 31 B6.7
23 6/28-29/72 3555 3 37 27 58 10 77.1
X 2392 672 98 2h1 263 22
Total all trips 52,633 14,782 2,166 5,300 5,736 493
% Total Number 5.1 5.4 2.2 5.5 6.0 0.t
x/m2 .37 .09 .0l .03 .03 .003

#Hit one large school in Airplane lake seine
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Tsble 64. Total biomass in grams (wet weight) of 6 most abundant fishes
per trip in Caminada Bay, Louisiana (Wagner, 1972).

T T T T By - S dea Atlantic white
Irip Date Anchovy Manbadan Catlish Croaker Spot Trout
1 ¥y¥%/Mn 802.2
0.16
2z 3/16=17/7F  1hB%.1 Li7.h
0.% 0,09
=i Sfi-1/12 823.1{
.13
£ 5/%-26/T1  B9l.2 258.5 sLob. L 2453.9 U5h.9 213.6
: 0.15 0.0L JI6 0.31 0.09 Ol
6 6/1k-16/71 Bkl B7B2.5 2660, 907.1  L92.5 366.0
0.13 .95 .29 .10 05 .06
T w-8m 603.2 1647.3 1805,7 936.,0 85.8 - 98.9
0.09 .25 .28 1N 0l 02
8 7/28-29/T1- 5L1h.3 218.0 3955.9 751.0 426,9 241.5
- .83 03 .51 .10 05 O
9 B/28-29/71 h5B6.h 180.2 7280.6 729,86  1090.7 98.5
«70 03 .79 08 .12 02
0  9/21-22/11  557.8 315.0 429.1 268.1 - 118.5
.09 .08 07 -0k 02
11 10/1k-15/71  1320.5 254, u117.5 58,1 1387.7 81.8
«20 <03 +53 .01 .18 0L
12 1/b=5/T1 1237.7 409.7 212.7 91.§  2688.3 175.0
W18 06 .26 .01 .29 03
13 1/23/m Ly 8 - 30,1 27.6 h63.8 18.6
«07 00k 00k .06 .003
1 12/16/T1 " B2L.7 — 906, 7 5.k Lk b -
- olj 012 002 -‘m
1§  1/12-13/72  TW7.5 1390,2 1580.3 121.5 33.9 -
: _ .11 .15 W17 .02 005
5 2/2/12 1017.1 32,1 - 196.8 255,.9 -
) AL 00k . .03 .235
17 2/20/12 - 2287.% 22,9 3046.% 502.0 316.7T —
i .35 028 .39 .08 O
18 3/U-15/72  L#8s.B 64016 672.0 LT1.6  3165.6 -
- .66 70 07 .07 .35
19 b/W/T2 2850.8 2711 5671.3 2352.9  1970.9 <5
- h .w .?B .32 02? *
20 L/29-30/72 1L56.9 179.7 1223.1 5208.8 3430.68 7.0
- .22 .19 .16 .08 oLl 001
21 5A7-18/72  836.2 721.1 5378.2 3528.6 2873.9 k6,0
.13 08 .59 .38 .3 Reoy)
22 &/7-8/12 563 .4 3.2 659.4 136h.8 405 b 190.5
. . .08 <06 .09 .19 .06 .03
23  6/28-29/72 + 1885.9 12.5 5264.7 7L8.3 816.6 103.2
.29 L001 &7 .10 .10 .02
Total: W201.h  23012.9 52539.2  22949.2  20L0h.7 1779.6
X g/m? .27 o1 %N .13 .13 .02
% Total 14 7.7 17.6 7.1 6.8 0.5
(T5-23)
Sampling done with:
6 trawls, 3 ssine 727502
6 trawls, 2 seine, 1 trammel 7842m2
& trawls, 2 seine €515m2
6 trawls, 1 seine 5755m
6 trawls, 1 seine, 1 trammel 7082m2
& traxls, 2 seine, 2 trammel 9169md
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Table 65. Stomach contents of 6 dominant fish species of Caminada Bay,
Louisiana (extracted from Day et al., 1972),

Anchoa mitchilli: crab megalops, zooplankton
(anchovy)

QOther studies:

copepods, detritus, small fishes
and microbenthos

Brevoortia patronus phytoplankton, detritus
(menhaden)

Other studles:

phytoplankton, zooplankton and

detritus
Leiostomus xanthurus: amphipods, copepods, detritus
(spot) Other studies:

pelecypods, copepods, detritus,
annelids, microbenthos

Micropogon undulatus: amphipods, annelids, copepods,
{(croaker) detritus, fish, imsect larvae

Other Studies:

shrimp, annelids, fish, crabs,
mollusks, diatom, decapods, mysids,
microbenthos, zooplankton

Aries felis: crab megalops, fish, detritus
(sea cat) Qther studies:

macrobenthos, zooplankton, small
crabs, amphipods, mysids
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Table 66,

(Day et al., 1972).

Species

Wading Birds

Great Blue Heron
Little Blue Heron
Louisiana Herom
American Egret
Snowy Egret
Cattle Egret
White Ibis

Wood Ibis
white—faced Ibis

Water Fowl

Puddle Ducks
Shoveler

Cadwall

Pintail

Mallard

Mottled Duck
Blue-winged Teal
Green-winged Teal
Diving Duck
Lesser Scaup
American Merganser
Wooded Merganser
Coots

Shore Birds

Herring Gulls
Laughing Gulls
Ring-billed Gulls
Forster's Tern
Royal Tern

least Tern
Caspian Tern
Gull-billed Tern
Plovers, willets
Sandpipers

White Pelicans

Marsh Proper

Rails
Sea Side Sparrow

(3)
(2)
(2)
(2)
(2)
(3)
(2)
(2)
(3)

oy
(1)
(1
(1)
(1)
(3)
(1)
(1)
(1)
¢h)
(1)
(1)
1)

(L
(3)
(1)
(3)
3
(2)
(3)
(2
(3)
(3)
(1>

(2)
(2)

Food Habhits

Seasonal abundance and food habits of principal marsh birds

minnows, 67%; shrimp & crabs, 10; small mammal, 5%
fish, 27%; crustaceans, 45%; insects, 167

small fishes, crustaceans, snails, insects

mostly insects

crustaceans, 60%; fish, 13%; snails, 13%; insects, 13%

crustaceans, insects

plants, 68%
animal, 31.5%; mollusc, 29%
crabs, 3%

plant, 75.2%

animal, 24.8%; snalls, 11%
insects, 4%

fish, 272

minnows & open water fish

shrimp

fish

crabsz, snails, insects

insects, 70%, plant material,

(1) more abundant in cold months
(2) more abundant in warm months
(3) equal abundance all year

287

20%, small snails ,10%



Table 67.

POUNDAGE

VALUE

1.
2.
3.
L.

6.
Te

Species

Manhaden
Shrimp

Crab

Oyster
Catfish
Crawfish
Unclassified

Shrimp
Menhaden
Qyster
Catfish
Crabs
Crawfish
Unclassified

Louisiana fisheries landings in 1970.

Pounds

959,809,800
90,938,900
10,254,200

8,638,900
5,547,000
3,173,300
27,286,100

34,611,931
18,930,641
3,630,560
1,59h,292
1,007,538

L5, 163
1,186,648
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Given in terms of
volume and value for principal species (extracted from
Current Fisherles Statistics No. 5794, Louisiana Landings,
Annual Summary 1970).

86,05
8.15
92
17
050
.28
2.L5

$5.36
30,28
5,80
2.55
1.61
1.51
1.89

cummulative

86,05
9,70
95.12
95.89
95.39
96,67
99,12

55,36
85.6L
91.4k4
93.99
95.60
97.11
99.00



Table 68. Average annual harvest (1963-67) of the major commercial
fish and shellfish produced in Loulsiana waters {Lindall

et al., 1972).

. Pounds Percent Valuez/ Percent

Species (Million) of Total (Million) of Total
Menhaden 713,06 84.6 10.12 23.3
Shrimp mat a7 .68 6L
Croaker 23.713/ 2.8 0.42 0.9
Oyster 9.97 1.2 4.39 10.1
Blue Crab 8.27 1.0 0.73 1.7
Catfish and Bullheads 4. 59 0.5 0.78 1.8
Spot 4622/ 0.6 0,08 0.2
Seatrout (Spoiied and White) 4.11% 0.5 0.19 0.4
Red Drum 0.53 0.1 0.09 0.2
Total 842.37 100.0 43.48 100.0

v Live weight (computed by WMFS Statistical Office, New Orleans), The

peneral conversions of heads-off to live weight are:

1.54 for white, and 1.60 for pink.

g/ Includes industrial botbom fish

Yy 1967 exvessel prices (%)
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Table 69. Average annual landings of major commercial fish and shellfish
taken from Louisiana waters and landed in adjacent states

(1963-67) (Lindall et al., 1972).

Specles Poundsl/ Valucg/
(+:11ion) (M 1llion Dollars)

Menhaden 142.09 2.00
Shrimp 7.70 2.50
Croaker 12.801/ 0.23
Oyster 1.18 0.51
Blue Crab 0.34 0.03
Spot 2.502/ 0.04%
Seatrout (Spottcd and White) 1.9&3/ 0.06
Red Drum .Oh _0.01

Total 1€8.59 5.28

l/ Live weight
g/ 1967 exvessel price

3/ Includes industrial bottomfish
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Table 70. Production and value of major commercial estuarine-dependent
fisheries by hydrclogic unit. Data based on five-year (1963-67)
average annual harvests and 1967 exvessel prices (Lindall,
et al., 1972).

Hydrolegic Unit
Species J and I1Y/ 111 1V - v vi VIl Vil X ToLel
Menhaden
Production— 159.33 3p.20 135.83 64.80 28,30 41.10 12.40 41,10 713.06
value 2.26 0.43 &.77 0.92 0.4 0.58 0.18 0.58 10.12
Shrimp
Production 18.3¢0 3.70 20,00 22.91 2.00 3.20 0.50 2.90 73.51
value 6.64 1.34 7.25 8.31 0.73 1.17 0.19 1.05 26,65
Croaker
Production 4,33 1.20 4,93 7.63 1.10 2.11 0.30 2.11 23.7
value 0.07 0.02 0.08  0.14 0.02 0.04 0.01 0.04 D. 42
Dyster
Froduction 4. 68 0.00 4,14 0.85 0.00 0.01 0.00 0.29 9,97
Value 2.06 0.00 1.82 0.37 0.c0 0.005 0.00 0.13 4,39
Blue Crab .
Production 3.68 U.03 .46 1.12 0.28 0.06 0.04 0.62 8.27
value 0.32 0.003 0.22 0.10 0.03 0.005 0.004 0.05 0.73
Spot
Production 0.57 0.23 0.B5 1.5 0,22 0.53 0,11 0.53 4,62
Value 0.01 ¢.004 0.01 0.03 0.004 0.01 0.002 0.01 0.08
catfish and Bullheads
Production 0.16 0.00 1.94 0.4l 1.79 0.07 0.22 0.003 4,59
Value 0.03 0.00 0.33 0,07 0.30 0.01 0,04 0.001 0.75
Seatrout .
Production 1.41 0.21 1.08  0.31 0.18 0.42 0.08 .42 6.1
‘Value 0-07 0.01 6.05 0.01 0.01 0.02 0.003 0.02 0.19
Red Drum
Production 0.23 0.02 6.12 0,13 0.005  0.00 0.00 0.02 0.53
Value 0.04 0.003 0.02 0.02 0.001 0.00 0.00 0,003 0.09
Total s
Produiiionﬂ/ 192.68 35.59 371,35 95.74 13,87 47,50 13.65 47,99 842,37
Value 11.530 1.81 14,55 9.97 1.50 i.84 D.43 1.8%8 43,45
Estusrine vate 1,764 163 31k 153 301 13 13h 3,233
Production, 109.2 218.3 1,182,% ©238.0 #AL.h 147.1 1,050.0 358.1 256,86
pounds/acre .
Value 6.5 11.1 k6.3  23.8 9.8 5.7  33.1 1k.0 13.2
. dollnrs/m.

, l/ Hydroleglc Units I and I1 were prouped because of overlap of Breten and Ch

everlap of catch designations therein

Millions of pounds

Thousands of acres

2/
2/ Millions of dollars
L/
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Table 71. Louisiana historical commercial landings of menhaden, 1880-1967
(Lindall et al., 1972).

veer DRSNS v DM v e
1880 - 1932 - 1954 270, 09k
1887 - 1934 - 1955 298,309
1888 - 1935 - 1956 320,521
1889 - 1937 - 1957 162,817
1890 - 1938 - 1958 241,813
1897 - 1939 - 1959 kh2,7ho
1902 - 1940 - 1960 470,108
1908 - 1945 - 1961 581,682
1918 - 1948 88,110 1662 689, 157
1923 - 1949 165,91% 1963 633,48k
1927 - 1950 207,755 196k 599, 538
1628 - 1951 209, 57k 1955 682,435
1529 - 1952 283,373 1966 555,900
1930 - 1953 307,192 1667 510, 1k
1931 -

Lendings years 1880-1955 from Lyles (1967e). Landings 1965 and 1967 from

Lyles (1968 and 1969).
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Table 73. Production of harvested menhaden per hydrologic unit based on
5-year average (1963-67) (Lindall et al., 1972}

MENHADEN

Hydrologic Unit Nursery Areas {Acres) Millien Pounds Pounds per Acre

I and I1I 1,764,000 159.33 90.3

111 163,000 30.20 185.3

v 314,000 335.63 1,069.6

v 419,000 £4.81 154.7

VI 153,000 ¢8.30 185.0

VII 323,000 Li.10 127.2

VIII 13,000 12.50 953.8

IX 134,000 41,10 306.7

TOTAL 3,283,000 713.07 217.2
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Table 75. Louisiana shrimp landings and number of trawls and/or seines
(1913-1968) (Lindall et al., 1972).

ralendar 2f1¥013 No. of No. of Calendar Barfcls No. of No. of
Year [ Scines  Trawls Year Shrimp Sef Trawls
(210 1bs.) (210 1bs.) eines ravLs

1913 50,000 131 - 19h1 554,354 5 3,028
1914 52,331 131 - 1942 489,173 L 2,380
1915 57,143 268 - 1643 Wi, khs H 2,101
1916 85,71k - - 19h4 554,378 4 1,866
1917 57,143 - - 1945 95,59k 4 2,373
1918 T1,h29 300 17 1946 h(h, 081 4 3,030
1919 76, 190 - - 1947 365,617 L 3,408
1920 152,381 97 Lgg 1043 376, 655 4 3,200
1921 163,012 135 583 1949 370,040 L 3,310
1922 109, 050 111 699 1650 361,365 3 2,819
1923 153,749 128 1,021 1951 396,980 - 2,248
192k 150, (2h 13 905 1952 393,952 - 2,277
1925 15k, 722 180 1,010 1957 h37,3%0 10 3,543
1526 123,667 1h3 (02 195 b1, Gy Y 3, ki
1627 150,896 120 913 1955 365, 542 5 3,276
1928 195,303 2061 1,hsh 1055 318,130 T 3,072
1929 210,033 125 1,h00 1957 181,061 9 2.1y
930 197,550 172 1,176 1G5 0%, 5864 9 W, o0
1931 178,815 126 1,131 194 ALUIRIRTS] 8 W15k
1932 152,373 06 055 16500 586,77 7 b, 696
1933 265,058 07 1,045 10751 148,523 8 h,5TT
193% 226,576 107 1,hh1 1z 203,920 - 5,453
1935 252,991 125 1,433 1962 300, 828 - T,025
1936 286,79 30 1,000 160k 2T, 852 - ", 397
1937 362, oh2 35 2,313 1665 257,993 8 7,290
1938 363,656 13 1,062 1665 296,520 21 7,215
1939 395,050 26 1,621 1957 358,571 29 9,089
1640 397,189 5 3,016 1965 322,702 37 8,996

Source: Loulsiana Wildlife sud Fisheries Commission, 13th Biennial Report, 1968-69
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Table 76. Production of harvested commercial shrimp per hydrolegic
unit. Figures based om 5-year (1963-67) average harvests
and proportion of juveniles determined by samplings by
the Gulf of Mexico Estuarine Inventory, Louisiana Wild Life
and Fisheries Commission (Lindall et al., 1972).

Hydrolepic Unit I and XTI IIL v v VL VIl VIII 1% Total
Estuarime Waters 1,76k 163 3Lk Llg 153 323 13 13k 3,283
{Thousand acres)

Shrimp harvest 18.3 3.7 20,0 22,9 2.0 3.2 0.5 2.9 73.5

{Millicns of pounds)

Pounds par acre 10.4 22.7

63.7 sh.7 13.1 9.9 38.5 21.6 2.l

297



Table 77. Harvest of shrimp (live weight) from offshore Louisiana
including landings by other states (1963-67) Lindall
et al., 1972).

Five-year Total 4,305,500 43,852,100  35,32k,000 2,557,400 35,353,000 34,017,500 214,329,500
Five-yeat Average 861,100 8,770,420 7,064,800 12,511,480 6,870,600 6,603,580 42,865,930
value {§) 239,467 3,200,864 2,812,116 4,667,973 3,013,788 2,640,298  16,57%,506

Harvest of shrimp (liveweight) from inshore Louisiana {ncluding landings by other statee
(1963-67),

VILI IX Year Total

I 1I 111 v v VI vII
Five-ysar Totel (9,264,100 114,428,900 18,173,000 138,286,100 | 88,469,100 {57,500 |8,000,060| 1,50016,544,1001 153,214,660

Flve-year
Average 1,852,800 | 2,885,780 |1,63L,600 | 7,657,220 | 13,693,820/ $,580(1,600,002] 280i1,308,820] 30,612,932

value (§) 611,430 | 952,307 | 539,418 2,526,882 [ 4,518,560| 3,161| 528,003 92f 431,910] 10,112,163
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Table 78. Louisiana historical commercial landings of oysters,
1880-1967 (thousands of pounds of meat) {(Lindall et al,
1972).
Year Landings Yeat Landings Year Landings
1880 1,189 1932 2,578 1955 8,361
1887 2,733 1934 5,591 1955 9,396
1888 2,502 1935 5,743 1956 10,055
1889 3,367 1637 8,048 1957 10,450
1850 3,392 1938 10,222 1958 8,265
1897 3,866 1939 13,586 1959 9,667
1502 1,830 1ghe 12,412 1960 8,311
1908 11,953 1645 0,88k 1661 19,139
1518 k, 522 1548 9,016 1962 10,1£0
1923 h,119 1549 g,688 1963 11,563
g2t 5,640 1950 8,716 1064 11,Lk01
1528 6,246 1951 8, 16k 1965 8,343
1529 L,sho 1952 1t,ko2 1565 L, 800
1930 4,844 1953 9,435 1567 7,752
1931 3,590

Landings years 1880-1965 from Lyles {1967a).

Landings 1066 and 1667 from Lyles (1968 and 19697,
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Figure 79. Oyster grounds in Louisiana (1969). Number of acres leased
by parish, in seed ground reservations, in the "red line"
area, and in public reefs. Information furnished by
Louisiana Wild Life and Fisheries Commission (Lindall et al.,

1872).
PARTSH ACRES
¥beria 701
Jefferson 10,758
Lafourche 7,955
Orleans 333
Plaquemines 37,0654
St. Bernard 36,939
St. Mary T13
St. Tammany 208
Terrebonne 20,3h7
Vermilion 709
Total 116,318
SEED GROUND RESERVATTIONS
Sister Lake 7,356
(productive reef only) 600
Bay Junop 2,416
Bay du Cheine (Hackberry Bay) L o015
Bay Gardene 2,666
Total 16,453
YRED LINE" AREA
Mississippi Sound 219,158
Breton and Chandeleur Sounds L5233
Total 66, lig1
PUBLIC BEFT
Calcagsieu Lake 6,737
(productive vesf only) {581}
Total 6,737
Total Oystar Grcunda(Commlttedj J03,659
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Table 85. Historical commercial landings of croaker in Louisiana

(1880-1967) (Lindall et al., 1972).

Year Thousands-of Pounds Year Thousands of Pounds
1850 %5 1945 146
1837 525/ 1948 44
1838 55+ 1949 63
1889 150 1950 59
1890 158 1951 27
1897 329 1952 25
1902 155 1953 36
1908 369 1954 27
1918 383 1955 12
1923 219 1656 30
1927 186 1957 32
1528 169 1958 4,983
1929 81 1959 57
1930 60 1960 35
1931 59 1961 18
1932 44 1962 7
1934 301 1953 25
1955 408 1964 20
1937 137 1965 15
1938 78 1966 20
1939 113 1967 56
1940 33

1/

="Not available,

gjlncludes Spot.

Landings years 1830-1965 from Lyles (1967a).

1967 from Lyles {1968 and 1969).
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Table 86.

Seasonal abundance and distribution of juvenile croaker
in Louisiana estuaries. Results are based on average
number of fish per unit effort of combined seines and
trawls taken by Louisiana Wild Life and Fisheries
Commission from April 1968 through March 1969. Tempera-
ture and salinity ranges are monthly averages (Lindall
et al., 1972).

Hydrologic Area I 11 v IV W YE yu Wesc of V
RBay Adam Barataris Lake Pelto to  Caillou Bay
Area Bay Arca Timdalier Bay Area

SPECIES
Microporen undulsrus

{Crozker}
Spring 70.4 124.7 306.2 159.0 360.5 335.8 350,53
Sermar 25.6 25.7 6.7 14.5 52.8 125.2 175.1
Fall 1.4 1.7 4.9 0.8 2.0 1%.1 29.1
Winter 10.7 9.8 26.0 20.6 22.8 46.7 i23.1

Yearly Average 35.0 47.0 113.0 47.0 109.0 132.9 174.0
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Table 87A. Production of harvested croaker per hydrologic unit based
on five-year average (1963-67) (Lindall et al., 1972)}.

Hydrologic Nursery Areas Million Pounds
Unit | (Acres) Pounds Per Acre
I and II 1,764,000 4.33 2.5
I11 163,000 1.20 7.4
v 314,000 4.93 15.7
v 419,000 7.63 18.2
V1 153,000 1.10 7.2
Vi1 323,000 2.11 6.5
12881 13,000 0.30 .23.1
IX 134,000 2,11 15.7
Total 3,283,000 23.71 7.2
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Table 88,

Fall
Winter
Spring

Summer

Seasonal waterfowl population estimatesl

Comm., LA, 1971).

for Southeast
Louisiana below intracoastal canal in the parishes of
Terrebonne, Lafourche, Jeffersom, and Plaquemines (unpub-
lished data from H. Bateman, Wild Life and Fisheries

--------- September 1970 through August 1971 - = -
Puddle Ducks Diving Ducks Ceese Coots Total
905,000 184,000 75,000 566,000 1,730,000
400,000 445,000 75,000 892,000 2,812,000
309,000 77,000 0 133,000 519,000
41,0002 0 0 0 41,000

lFigures based on 90% of total puddle ducks and 60% of total diving

duck estimates for southeast Louisiana.

Fisheries Commission, 1970-1971.

2

Mottled duck and blue-winged teal only.
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Table 89, Nutria and muskrat fur and meat statistics 1in Louisiana
(unpublished data courtesy of State of Louisiana, 1972).

Year 1969-1970

Muskrat fur 1,232,052 41% $1,512,052 25%
Muskrat meat 550,w00 5% 44,000 5%
Nutria fur 1,604,175 532 3,826,680 64%
Nutria meat 9,500,000 907 760,000 85%
Total all species fur 3,002,043 $5,965,700

Total all species meat 10,480,000 890,000

Total pelts and meat $6,855,700,25

Year 1970-1971

Muskrat fur 777,960 372 $1,230,246 27%
Muskrat meat 400,000 3% 32,000 Ly 4
Nutria fur 726,739 35% 2,180,217 48%
Nutria meat 8,000,000 65% 640,000 86%
Total all species fur 2,090,761 $4,512,968.50
Total all species meat 12,370,000 146,000

Total pelts and meat $5,258,968.50
Highest production 1945..... 8 million muskrats

lowest production 1964.....unknown

Nutria: increased from 0 in 1942 to 1.5 million in 1966

MUSKRATS* Saline Brackish Intermediate Fresh
Unit III1 - - 18.5 4.0
Unit IV 73.0 81.5 93.0 15.0
Unit V 82.5 266.0 98.8 12.0

*Figures given are numbers of muskrats per 100 acres
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Table 90. Population estimates on alligator in inactive and active
areas of coastal Louisiana. See Figure 40 for locations.

(Palmisano, 1972).

Sub—-delta

Private 16,740 brackish
9,720 intermediate
15,680 fresh

Public (gm mgut 3,400 fresh (Salvador)
and refuges) 2,820 fresh

240 intermediate
640 Biloxi brackish
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Active-delta

1,200
4,200
2,800

2,160 fresh
1,320
1,320
920 intermediate



Table 91. Benthic organisms of the Central Gulf Coast per salinity
class and per taxon (extracted from Resources Technology
Corporation, 1972).

———————— Salinity =~ = = = = = = = = = =

0-5 1-10 5-30 10-30 20-40 35-45
Gastropoda 2% 1 2 2 5 12
Crustacea 2 2 0 3 0 2
Pelecypoda 0 4 5 7 12

*Number of species occuring in given gradient of salinity

Total Genera Total Species
Crustacea 13 14
Pelecypoda 53 67
Gastropoda 25 33
Echinodermata 6 6
Coelenterata
Scaphoda 1 1

Resources Technology Corporation
"Fate and Effect Studies of Shell 011 Spill, Dec. 1970"
Final Report, pp. 3-6 to 3-12
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Table 92A. Sequential macro~organismal faunal successions for the
Central Gulf Coast (taken from Resources Technology
Corporation, 1972).

Freshwater/Brackish Water Assemblages (0 - 5 ©/00)

Gastropoda

Littorina trrorata
Nepitina reclivata

o

Crustacea

Uea pugilitor
Cambarus Sp.

>0

Low-salinity Assemblages (0 - 10 ©/00)

Pelecypoda

Rangia cuneta
Rangia flexuocea
Rangia earolinesis
Macoma mitchellt

QOO0

Gastropoda -
Littoridina sphinctostoma 0-C
Crustacea

Callinectes sapidus c
Macrobrachium sSp. 0

Intermittent Variable-salinity Assemblages ( 5 - 30 ©/o0)

- Pelecypoda
Rangia cuneata - 0=C
Rangia flexuosa o-C
Macoma mitchelli ' ' R
Crassostrea virginica A
Petricola pholadiformis C
Gastropoda
Littordina sp. o
Amnicola sp. o

Variable-salinity Oyster Reef Assemblages (10 - 30 ©/0o)

Pelecypoda
Crassogtrea virginica A
Bracnidontes recurvus C-a
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Table 32B. Sequential #acro-organismal faunal successions for the
Central Gulf Coast (taken from Resources Technology
Corporation, 1972),

variable-salinity Oyster Reef Assemblages (continued)

Gastropoda

Crepidula plana 0-C
Crustacea

Balanus eburneus C
Balanue amphitrite 0-C

Variable-salinity Non~reef Assemblages (10 -~ 30 °/oo)

Pelecypoda

Nuculana acuta R~0
Nuculana concentrica
Mulina lateralis
Tagelue plebiua
Eneis minor

QOPn

Gastropoda

Retuesa canaliculata R-0O

Echinodermata
Amphiodia limbata C

Intermediate-salinity Inshore Coastal Agsemblages (20 - 40 ©/0o)

Pelecypoda

Aequipectern irradians
Trachycardium muricatum
Mercenaria mercenaria
Chione cancellata
Tagelue divisus

POP B

Gastropoda

Naesarius vibex C
Neritina virgineaq R-0O
Melampus bidentatus C

Intermediate-salinity Inshore Shallow Water Assemblages ( 20 - 40 ©/00)

Pelecypoda

Abra aequalis
Cordbula contracta
Diplodonta punctata
Mulina lateralis
Nuculana concentrica
Pandora trilineata
Periploma fragile

1
)

5?”03’5303’
o0
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Table 92C. Sequential macro-organismal faunal successions for the
Central Gulf Coast (taken from Resources Technology
Corporation, 1972).

Intermediate-salinity Inshore Shallow Water Assemblages {(continued)

Gastropoda
Nassarius acutus c
Retusa canaliculata o-C

High-salinity Oyster Reef Assemblages (34 - 45 °/00)

Pelecypoda

Anomia simplex
Brachidontes exustus
Diplothyra smithi
Ostrea equestris

FOON0

Gastropoda

Anachis avara

Anagehis obesa

Mitrella lunata

Thais haemostoma floridana

eNoNole

Crustacea

Crangon heterochelis C
Menippe mercenaria 0

High-salinity Non-reef Assemblages ( 34 - 45 ©/00)

Pelecypoda

Amygdalum papyria
Anomalocardia cuneimeris
Laevieardium mortont
Phacoides pectinatus
Pgaudoecyrena floridana

e R Hel_Neo

Gastropoda

Bittium varium
Caecum pulchellum
Cerithidea pliculosa
Cerithium variabile
Haminoea succinea
Modulus modulus
Tegula fasectiata
Vermicularia fargoi

()?!ﬂﬂ’ﬂtﬁf)w
o .
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Table 92D. Sequential macro-organismal faumal successions for the
Central Gulf Coast (taken from Resources Technology
Corporation, 1972).

Inshore/nearshore Inlet and Pass Assemblages

Pelecypoda

Atrina seminuda R-0
Crassinella lunulata
Lueina amiantus
Lucina crenella
Tellidora erictata

eNeRoNg!

Gastropoda

Angehis avara R-0
Polinices duplicatus C
Sinum perspectivum R-0
Scaphoda

Dentalium texasianum 0-C
Echinodermata

Arbacta punctulata 0
Hemipholis elongata R
Luidia elathrata 0
Mellita quinquiesperforata C
Ophiolepis elegans C
Coelenterata

Agtrangia astreiformis C

Crustacea

Dromidia antillensis R-0
Heteroerypta granulata R-0
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Table 92E. Sequential macro-organismal faunal succession for the
Central Gulf Coast (taken from Resources Technology

Corporation, 1972).

Nearshore and Offshore Facies

Ihtertidal surf Zone

Pelecypoda

Donax variabilis variabilis
Donax vartabilis texasiana
Donax tumida

QPP

Gastropoda

Olivella mutica
Terebra cinerea

O

Crustacea

Emerita talpoida
Octpode albicans

a»

Constant—-salinity Littoral Zone

Pelecypoda

Atrina serrata
Chione intapurpurea
Dinocardium robustum
Dosinia discus
Dosinia elegane
Labiosa plicatella
Solen virtdis
Sptesula solidissima
Tellina tayloriana

N(ﬁf)?!ﬂf)ﬂ(ﬁo
O

Gastropoda

Architectonica nobilie
Busyecon plagiosum
Oliva sayana

Phalium granulatum
Terebra dislocata

POCGOO

Echinodermata

Luidia clathrata _ C
Mellita quinquiesperforata A

Variable-salinity Littoral Zone (15 -36 ©/oo

Pelecypoda

Abra lioica ' A
Macoma tageliformis o
Mulinag lateralis C=-A
Nuculana concentrica C
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Table 92F. Sequential macro-organismal faunal succession for the
Central Gulf Coast (taken from Resources Technology
Corporation, 1972).

Variable—-salinity Littoral Zone (continued

Gastrogodé

Anachie avara
Nassarius acutus
Polinices duplieatus

s Ne Ny

Crustacea

Portunus gibbest 0-C
Squilla empusa C-A

Offshore Littoral Zone - Scil or Mud Bottom

Pelecypoda

Nucula prozima
Nuculana concentrica
Pandora buehiana
Pitor cordara
Varicorbula operculata

FOAOON

Gastropoda

Anachis saintpairiana
Naassarina glypta
Nasearius ambiguus

Qo

Offshore Littoral Zone - Sandy Bottom

Pelecypoda

Aequipecten gibbus
Aequipecten mucosus
Chione clenchi

Chione grus

Gouldia cerina
Laevieardium laevigatum
Lueina sombrerensis
Pecten raveneli
Phylloda squamifera
Quadrans lintea
Semele purpurescens
Solecurtue cumingianus
Tellina georgiana

i
O

O?OOO%OW?’O{FOO
o]

‘Gastropoda

Antilliphos candei
Distorsio clathrata
Murex fulvescens
Murex pomum
Strombus alatus
Tonna galea

mowaano
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Marine
Science #

L o

~ L P~

w00

11
12
13
14

15
16
17
18
19
20
21

Table 94. Archaeological sites and brief description in study area.
See Figure 57 for locations (unpublished data of Neuman,
1972 and Gagliano, 1972).
Museum of
Archaeology # Deseription
16PL24 Pelican Isle, beach deposit
16PL13 _ Earth mound
16PL30 Beach deposit, marine shell more abundant than
chenier material
16PL3] Beach deposit, few rangia
16PL7 Oyster midden - few rangia
16PL5 Rangia and few oyster mounds, 100 yds x 25 yds x 21J2/
16rL8 (1) 65' x 30" x 5 1/2' above marsh level
89' x 54' (bottom of the pit)
(2) irregular 30' x 21!
(3) irregular 30' x 21"
Site area 300' x 200', including 5 smaller heaps of
shell, three mainly oyster and two mainly rangia, some
pottery from mound
16PL26 Beach deposit, rangia and pottery
16PL19 Island, shell midden
16PL10 200" x 15" x 1' deep (eroded aud disappearing,1936)
Rangia midden
16PLY Rangia and soil midden
16JF3 Shell Midden
16JF47 The Graveyard (no information)
16JF12 Very large shell midden, rangia, 3' above water level,
Several trappers shacks
16JF11 Well Preserved shell midden, bore holes 2' below marsh
16JF10 Well Preserved,beach deposit
16JF34 Beach deposit
J6JF9 Beach deposit
16JF8 Beach Deposit
16JF7 Beach Deposit
16JF37 Shell mounds and middens, 400 yds long
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Table 95. Statistics of parishes and cities ‘bordering estuarine study
areas in Louisiana (Perret et al., 1971).

Avres Fop. Denwity
{og-ml) Lo i Band
I Taed ~IM
0910 w7 5ind Ha
WA 1,104 me Wy
300
13344
TN 1444 L] s
LT -t (11 ] L
A
1ELEIE 400 s i RY
M
IO
Y12 [T [T e
1538
A 110 418 [T
1097
FIvIE L 521 1y [N RS FAT
Mame of City #r Town
Phquanbres ..o LY Ty s
¥ema of City or Town
Povt Bviphar ...
Buree-Tricmph
anm 142 110 "l Y
550 L] L1 %)
59,004 L) LA "7
b .
FLAL
13
S HEH L2 ] s 454
LY
a5
o5
L]
1,740
o4
£I58
e
AN 7017 ] ™o HA
s
1 EEE
R 13 417 (2% ]
Ty
415 1204 ALy LB
RLAES)

M .
10, B Cesgen of Populntion: 1080, Fisal Jirport PC {1)-30A.
Eloulgions Stata Departmant of Hralth, Divisiow of Tabulnthm and Analysts, 1952,
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Table 97.

Section 1A
Jefferson
Orleans

St, Bernard

TOTAL

Section 1B
Assumption
Lafourche
Plaquenines
St. Charles
S5t, Jemes
St, John
3t. Tammany
Tangipahoa
Terrebonne
quhington
TOTAL

Projected population changes for 6 years of age and over
in State of Louisiana (Comprehensive Outdoor Recreation

Plan - 1970-75, Louisiana State Parks and Recreation

Commission, June, 1971).

1970
332,308
602,326
_39,8%
974,530

15,605
55,745
26,713
18,69
18,575
17,868
165,874
56,397
65,739

42,053
36k,265

327

1978
67,779
643,080
8,93

1,153,802

15,837
61,617
32,k70
21,710
20,776
19,530
56,117
59,666
73,931

kly, 557
406,211

1980
6h6,86L
692,854
60,569

1,400,287

16,157
68,309
39,309
25,k43h
23,497
21,533
67,592
63,168
88,299

k7,485
k61,280

1965
907,861

735,523
75,029
1,736,119

16,523
75,769
49,285
29,926
26,769
23,846
81,823
66,756
102,517
_50,90k
524,178



Table 98A., Participation activity of persons six years and older,
Region 1A, part of coastal Louisiana (Comprehensive
Outdoor Recreation Plan - 1970-75, Louisiana State
Parks and Recreation Commission, July, 1971).

HEGIOH A
1970 1975 1980 1965
User Usen Usen Usen
ACTIVITY Dars Dars ,  Daxs Davy
Swimining - RfoL Synmen’/ 4,872,650 5.?&9.c1o§ 7,001,435 8,682,075
EUnnen Sunbay 140, 332 166, 17l 201,641 250, 044
BeacH SummEn 2,757,919 3,565,259 7,032,812 4,914,065
SURAER Sunpav 29,426 4, 034 114, 125 141 '.‘55_
BraveL 1na Summen 5,012,850 2,418, 58 B,63%,770 10,713, 70
) . SUARER Sukpsr 173,170 '205,'0?5 ':’38:825 502:552
ORyvING FOR PLEASURE Summra 4,044 299 & 7B8, 278 5, H11,1M 7,005 1%g
L : SURnER Sutosr 116 475 157,902 167,262 207.5%6
PLaving Dyrogoa Games Su=MER 3,800,667 4,493,827 5,461,119 6,772,0%
- TunMER Susoay 109, 450 129 595 157,220 400 B
Fiaming Symuen 3,050,278 3,611,400 4,382,893 5,4% 20
' BUBAER Sunoay | 87,848 104,008 126,207 " '1és597
Waiking Fan PLEasuRe Sunuir 2,718,938 5,215,107 3,906,800 4,844 ,£09
i o Sumner Sumpay 28,305 92,710 112,515 129,524
SianvaEcind Sunnen 2,358,362 2,792,200 3,388,694 4,202,133
. .7 uMmen Sunbay 67,920 80,415 07, 5% 121,021
ArTeEnpinn Qurooar SumMMER 2,046,513 2,422,984 - 2,940,602 3,648,479
Seonrs Eveyry, Sunnra Suneay 1939 69,781 ~_ ' 841689 105,018
Premicxing Synnen 1,744,808 2,065,305 2,506,513 3,108,190
Summza Sunpay 50,238 59,480 22,187 89,515
Moron Baavine Synpen 1,676,191 1,984,539 2,408,493 2,986,640
Sunmik Sunpar 4 274 57 25 69, 364 85,727
Huntine Earc/winten 1,617,720 1,915,310 2,324,475 2,652,456
Fati/winten .
SuNDAY 8%,7%9 101,511 123,197 152,770
gpmrine = Taarcen Sunner 760,733 899,75 1,092,283 1,354,406
SuMMER Sunpar 27,504 25,919 31, 456 zo
“Cameing - Tewr Sumnea 545,736 646, 12 784, 160 972,737
SUMMIR Synpay 5,717 18,708 22,583 28,004
Caaszing Sunncr 799,114 CQ4E, M7 1 148,255 1,427 AGT
SuMmER Sunpar >3 018 P 3 Oy 41,007
Hossewagn Riping SuMuen 701,651 350'73? 1,008,200 1.250'221
SunHER SynDay 20, 207 2%,22¢% 29,036 T 36,006
Binb WarcHing RILLIL] 652,935 773047 938,192 1,163,400
Summen Sunpay 18,804 22,263 27,013 33,505
WaTEA BxiING SunHeR 584 718 692, 81 540.152' 1,041,851,
ynaER Sunpav 1e,839 14, 9%7 24 196 20, (8
CRavrraning Symnen 877,519 565, 362 686,140 850,845
. Summen Sunpar 13,752 16,282 19,760 24, 504
PCaygne Gaur SymmMER 438,558 519,210 230,129 781,388
e SumHen Sunpar 12,629 14,953 18, 47 22,503
NaTuar Waiks Summen ' 2GO, 657 477,058 574,117 711,931
) UHHER Sunber 14,907 13,624 16, 5% 20,50%
Hikint SumMmMER 121,994 382,754 46,0 5?3-?1"
S AMER SuNDAY a, 261 A, 905 1%, 308 10,500
ATTEND ING Qutpoge - SumnEn 146,179 173,070 210,343 50,462
Concemty, Plars SuMmER SunDAY 4, 2019 4, 984 5, 049 7.501
Lanoeing : Guumen 136,434 161,532 196, Dui 243,098
SuMMea Sunpar 3,527 4,652 5,645 7.1
Saivine SumHER 68,217 8,766 98,020 121,549
N unMEa Sunpar 1,964 - 2,326 2,822 3 .00
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Table 98B. Participation activity of persons 6 years and older,
Region 1B, part of coastal Loulaiana (Comprehensive
Outdoor Recreaztion Plan - 1970-75, Louisiana State
Parks and Recreation Commission, July, 1371}.

REGION 1E

1970 1975 1980 1983

Fser User User User

ACTIVITY Days Tays Days Days
Swimming - Pocl Summer 1,821,325 2,031,055 2,306,400 2,620,890
Summer Sunday 52,554 58,494 66,424 75,481
Beach Summer 1,030,869 1,145,577 1,715,422 1,483,623
Summer Sunday 29,689 33,107 37,596 42,722
Bleyeling Summe ¢ 2,247,515 2,306,321 2,846,097 3,234,178
Summer Sunday 64,728 72,182 81,967 93,144
Driving for Summer 1,511,699 1,685,775 1,914,312 2,175,338
Pleasure Summer Sunday 43,536 48,550 55,132 62,649
Plsying Outdoor Summey 1,420,633 1,984,222 1,798,992 2,044,2%4
Ganen Sumer Sunday 40,914 55,629 51,810 58,875
Fishing Sumet 1,140,149 1,271,440 1,443,806 1,640,677
Sumoe¢  Sunday 32,836 36,617 41,581 47,251
Walking for Simmer 1,016,299 1,133,128 1,286,971 1,462,456
Fleasure Summer Sunday 29 ,26% 32,63% 37,064 42,118
Sighteeeing Summe r 681,521 583,030 1,116,297 1,268,510
Summer Sunday 25,287 28,311 32,149 36,533
Attending Outdoor Summer 764,956 B53.043 968, 688 1,100,773
Sporte Events Summer Sunday 22,030 24 967 27,698 31,702
Plconicking Summa r 652,034 727,117 473,691 918,278
Summer Sunday 18,778 20,940 23,779 27,022
Motor Boating Summer 626,53% 6898 ,0B2 793,401 901,586
Summer Sunday 18,044 0,132 22,849 25,963
Hmting Fall/Winter K04 680 674,310 765,725 470,135

Fall/Winter

Sunday 32,048 35,738 4, 583 46,117
Camping - Summe T 284,126 316, Bak 159,198 408,858
Traller Summer Sunday B,1B2 9,125 10,762 11,773
Camping - Sumimet 203,088 227,478 258,316 291,539
Tent Summer Sunday 5,674 4,551 7,439 8,453
Crabbing Summer 298,397 333,093 374,249 429,825
Summer Sunday 8,602 %,583 10,883 12,378
Horseback Summer 262,270 292,471 332,121 377,408
Riding Summer  Sunday 7,553 58,518 3,565 10,869
Bird Watching Sumper 244,057 272,161 309,057 351,19%
Summet  Sunday 7,028 7,838 B,900 10,114
Water Skiing Summet 218,559 243,726 276,768 314,506
Summat  Sunday 6,294 7,019 7,910 9,057
Craufishicg Summer 178,489 19%,043 226,027 256,847
Summer Sunday 5,140 5,732 6,509 7,397
Playing Golf Summex 153,919 182,794 207,976 235,880
Summer Sunday 4,720 5,264 5,378 6,793
Kature Walks Summer 149, 348 166,546 189,124 214,912
Summer Sunday 4,301 4,796 5,446 6,189
Hiking Summer 120,207 134,049 152,222 172,978
Summer Sunday 3,461 1,860 4,383 4,981
Attending Qutdcor Summer 4,639 0,931 69,192 78,6256
Concerts, Plays Summer Sunday 1,573 1,754 1,992 2,264
Cancaing Sunmer 50,997 56,860 64,579 73,384
Summer Sunday 1,468 1,637 1,859 2,113
Salling Summer 25,498 28,434 32,28% 36,692
Summer Sunday 734 818 929 1,056
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Table 99.

from Resources Technology Corporation, 1972}.

Sediment Distribution

Composite Megafauna
Diversity

Composite Crab Catch
Data

Composite Melofaunal
Mean

North Transect
Northweat Transect
South Transect

Rankings by hydrocarbon sediments and catches (extracted

Sediment Hydrocarbom

CC14 Extractable

330

Miles
From Rig N NW S
1 3.20 2.8 2.75
2 3.05 1.80 1.25
3 2.50 2.75 2.60
4 .70 .60 1.00
5 1.10 1.00 1.00
6 1.40 3.00 -—
7 1.70 1.25 -
Simple Diversity Mean Diversity
N NW W N NW S
1 10 20 20 1.25 .80 .75
2 14 17 27 .63 .80 .80
3 19 23 31 1.60 1.40 1.10
4 19 16 18 1.15 1.20 .80
5 18 18 18 1.45 1.00 1.15
6 17 16 -— 1.35 1.25 -
7 12 14 - .65 .80 -
Compogite Van Veen Crab Catch
Data Count Per m
N NW ]
1 2 12 11
2 5 9 N
3 48 9 18
4 10 11 10
5 16 15 B
6 12 14 —
7 4 39 -
Counts Per m?
N NW s
1 2 12 11
2 4 9 28
3 42 8 16
4 8 10 9
5 14 13 8
6 11 12 -
7 1 36 -
Hydrocarbon Sediments Ranked With:
Simple Mean Composite
Diversity Diversity Crab Meiofauna
-.6339 -.1339 -, 4642 -.3571
+.2947 +.1786 -.1160 -.1517
+.8929 +.4331 +.7679 +.7679



Table 100. Prevailing winds for January offshore Loulsiana. See
Figures 59, 60 and 61 for location (Texas Instruments,
1971a and b).

Direction Speed
{from} (knots) Percent

Narth 10-16 23
Northeast 10-16 11
East 6-10 13
Southeast 6-10 16
South 6-10 15
Southwest 6-10 4
West 17-21 6
Northwest 10-16 14
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Table 101. Yeast populations in Gulf of Mexico area following oil rig
fire and spill? (Meyers, 1971).

TIME OF COLLECTION CONCENTRATION OF YEASTS
AFTER INITIAL EXPLOSION (CELL/100 M.) IDENTIFICATION
2 WEEKS 66 - > 200 RHODOTORULA/ RHODOSPORT DI UM
6 WEEKS 2 - > 500 RHODOTORULA/ RHODOSPORI DI UM
CANDIDA
TRICHOSPORON
13 WEEKS 0-2 TRICHOSPORON
CANDIDA

270NCENTRATIONS CALCULATED FROM APPROXIMATELY 30-40 SAMPLES OVER "CONTROL" AND
OIL-CONTAMINATED REGION
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Table 102. Results from employing minimum dilution method to estimate
the relative abundance of aercbic oil-oxidizing bacteria in
mud collected from oil-polluted areas of Barataria Bay and
adjacent regions (Zobell and Prokop, 1966).

Results from employing minimum dilution method to estimate the
relative abundance of aerobic oil-oxidizing bacteria in mud
collected from cil-polluted areas of Barataria Bay and adjacent

regions.
Total number of samples examined 84
Number in which oil-oxidizing bacteria were present 32

Number of samples having at least 102 oil oxidizers per gram 47
Number of samples having at least 103 oll oxidizers per gram 31
Number of samples having at least 104 o0il oxidizers per gram 25
Number of samples having at least 105 o0il oxidizers per gram 11
Number of samples having at least 100 oil oxidizers per gram 8

Results from employing the minimum dilution method to estimate
the relative abundance of bacteria in mud samples from the
Barataria Bay region which oxlidized o0il under strictly anaerobic
conditions as indicated by sulfate reduction.

Total number of samples tested 100
Number of samples positive with 1.0 gram of wet mud 78
Number of samples positive with 0.l gram of wet mud 36
Number of samples positive with 0.01 gram of wet mud 12
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Tahle 103. Effect of crude oil on marsh plants and its persistence
under natural field conditions on coast of Loulsiana.
The oil was retained in 16 ft2 pens by 4 x 4 ftr wooden
bulkheads (Zobell, 1962).

Amount of oil applied per pen

none 187 ml 375 m1 750 ml 1500 ml

Calculated amount of oil

per acre {U.$. gallons) 0 134 269 539 1078
Time o0il remained visible

on water surface (days) - 30 30 60 60
Time oil persisted in

bottom mud {(days) - 60 60 100 1380
Plants surviving in pen

after 2 months (percent) 100 100 90 85 75
Plants surviving in pen

after l-year (percent) 100 100 100 50 10
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Table 104, Yeast populations in marshland sediments before and after

saturation with oil (Meyers, 1971).

Species

Pichia spartina

P, saitoi

Kluyveromyces drosophilarum

P. ohmeri

Trichosporon sp.

Rhodotorula/ Rhodosporidium

Cryptococcus sp.

Sporoboiomyces sp.

Mean Population

Per cent of total population?

Before After
20-30 <10
20-30 <10
10-25 <10
<10 25+30 ~e—t—-
<10 15-30 ~——
<10 25-30 -
<15 <10
<15 <10
90000 18300°

3pased on colony differences and use of selective agar {Meyers

et al., 1971).

Deolony forming units per cc of sediment.
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Table 105.

Property

Gravity, APL
at 60 F

Viscosity, S.U.
at 100 ¥

Asphaltones
Naphtha

Gas 0il
a%0-620 ¥

Heavy Distillate
620-7C0 F

Residuun

Sulfur
ASTM D1351

Results of physical and chemical analysis performed by the
E. W. Saybolt Company, Inc., on the test crude oils (Mills

and Culley, 1972).

011 Number

Q-30 AR Q-/i-D Wl
33.,5° 29.,3° 32,3° 22.4°
45.4 scec £3.5 sce 50.4 sec 18,1 scc
NTL Nil NIL NIL

237 267 149, 15%

167, 247, 409, 229

27% 36 367, 13%

14% 149 107, 507

0.22% 0.33% 0.30% 0.83%
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Table 106A. Approximate 48-hour LGCqy, LC50 and LC100 values for Pengeus
shrimp and crude oil (ppt) (Mills and Culley, 1972).

0l

Number LCO LC50 40100
Q-30 €1.0 7.5 15.0
W=-30 2.5 5.0-7.5 v10.0
W-4-D 10,0 40.0 50.0-75.0
Q-4-D (1.0 1.0-2.5 . 7.5

Table 106B. Approximate 48-hour LCo, LCs0 and LCi0g values for
Penaeus shrimp and oil spill removers (prpm)
(Mills and Culley, 1972).

0il Spill _
Removar LCO LC50 LClOD
Corexil 500.0 5,000.0 > 7,500.0
Amerold ¢0.5. 2.5 5.0
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Table 108.

Wind toward

Summary of wind conditions and types of oil spills used
and C, (see Figure 1) used with Hansen's model for

at C

1

spills.

projecting the distribution and abundances of hypothetical
See Figures 68 to 78,

(at 7 m/sec) Spilled at C1 Spilled at Cy
500 ton 30,000 ton 500 ton 30,000 ton
225° thru 20 hrs thru 310 hrs thru 10 hrs
Fig. 68 Fig. 69 Fig. 70
280° thru 20 hrs thru 30 hrs thru 30 hrs
Fig. 71 Fig. 72 Fig. 73
315° thru 20 hrs thru 20 hrs thru 20 hrs thru 20 hrs
Fig., 74 Fig. 75 Fig. 76 Fig. 77
a thru 20 hrs thru 20 hrs
360 Fig. 784 Fig. 78B
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Table 110. Area of visible influence of various levels of a continuous
oil spill (Ichiye, 1972).

Initial Final(1) Time Required in Hrs(2) Length Area

Barrels ;;E?E SiS?E Dy=50 Dy=LOO Dy=200 e (km)2
Per Day ft i ft m
1.2 200 60 2,000 600 1 0.5 0.2 0.5 0.2
2.3 400 120 4,000 1,200 4 2.0 1.0 2.2 1.4
4.2 600 180 6,000 1,800 9 4.0 2.0 5.0 5.0
8.5 1,300 400 13,000 4,000 44 21.0 11.0 24.0 53.0
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